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AXJTHOH'S PHEFACE. 



[ his Report for the year 1881, Mr. £. P. Seaver, Superintendent 

of tlie Public Schools of Boston, says ; — 

' It ia a cardinal principle in modem pedagogy that the mind 

g&ins a real and adef[uate kuowledge of things oidy in the presence 

of the things themselves. Hence the first step in all good teaching 

ia an appeal to the obserring powers. The object-s studied and the 

atudjing mind are placed in the most direct re^liitious with one 

another that circumstances admit. Words ami other symbols are 

not allowed to intervene, tempting tlie learner to satisfy his miiid 

with ideas obtained at second-hand. One application of this prin^ 

dple is seen in the so-called object-teaching ; but the principle is 

^^. applicable to all teaching, and all methods of teaching based on 

^Ui are known aa objective methods. The theory goes even further, 

^^^nd declares, in general, that no teaching which is not objectlye in 

^ method can properly be called teaching at all. Hence wa have thia 

test: Is our teaching objective in method?" 

This unequivocal language, from the pen of one of oiu' foremost 
educators, faithfully and forcibly reflects the sentiment of the age, 
and leaves nothing further that need be said in advocacy of object 
or inductive teaching. The question for us to consider is, irow shall 
teaching be conducted ? Shall the teacher manipulate the 
ratua, and the pupil act the part of an admiring spectator? 
I the pupil be supplied vrith such apparatus as he ctinnol 
mtly constnict, always of the simplest and least expensive 
ith which he shall be reqidred, under the guidance of liis 
to interrogate Nature with his own hands ? B 
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method will he acquire the most vigorous growth, and be most 
likely to catch something of the spirit which animates and encourages 
the faithful investigator ? Can elegantly illustrated works and lucid 
lectures on anatomy and operative surgery take the place of the 
dissecting room? Have lecture-room displays proved very effectual 
in awakening thought and in kindling fires of enthusiasm in the 
young? Or would a majority of our practical scientLsts date their 
first inspiration from more humble beginnings, with such rude uten- 
sils, for instance, as the kitchen affords ? Is the efficiency of instruc- 
tion in the natural sciences to be estimated by the amount of costly 
apparatus kept on show in glass cases, labelled " hands off," or by 
its rude pine tables and crude apparatus bearing the scars, scratches, 
and other marks of use ? Why should this fundamental study, which 
logically precedes all other experimental sciences, and ought there- 
fore, beyond all others, to be sound and thorough, be left in the 
condition of "a mere cram subject"? 

Fortunately we are able to appeal to experience in a kindred 
field for • an answer to the first two questions propounded. During 
the last twenty years there has been almost a universal change 
from the former method of instruction in Chemistry to the latter, 
so that to-day our best high schools and academies are provided 
with chemical laboratories for pupils' work. The result has been 
that this branch, which was formerly a dull and almost profitless 
study, has become one of the most interesting and useful in the high 
school curriculum. Is there any reason why laboratory practice should 
not do a similar work for Physics ? In other words. Do not the same 
argimaents that have been urged for the introduction of chemical 
laboratories apply with equal propriety and force in advocacy of 
physical laboratories? 

But it is claimed by some that " In Physics the laboratory practice 
must necessarily be somewhat limited," and the usual, and ahnost 
the only reason given, is " on account of the expense." This objec- 
tion rests upon the flimsiest of foimdations. The expense of 
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^■quipping and maintftiniiig a physical laboratory wtiirh nill TUis\ 
F&e requireinenta of this book, ought to be eonRiderably less tl 
K s Gimilar expense to meet the demands of Eliot and Storer'a I 
C'joentary Manual of Chemiatry. In the Ecgliah High School, in 
I' miy of BoBton, the snni of thre« hundred dollars haa furnished t 
r physical laboratory which answers the requirementfl of a 
tvMhooI. Many and many a school has investcil in ehnwy bnt almos 
BijtKlBBB apparatus, — for example, in trifling electric playthings, — ■ 
PtfUm of money which would go for towards the establishment of B 
P^imple working laboratory. Bat more, much more, dupends upc 
m&e teacher than the cost of materiaL " If he has the real scientii 
Ejl^rit, he will do a great deal with sinail appliances; but if h 
Hirork is done in a perfunctory manner, then the beat equipment in 
^be world will serve him but scantily." 

^H Although this book has been prepared uith a view to laboratory 

^prork, it may, in common with all text-books, be used a.s a mere 

^feok. It may be advantageously used by those tfiachera who prtttet, 

^W are compelled, by a real or a suppm^ed want of time, to perfom^ 

^Kjferitnents themselves with elaborate apparatus. Such apparatus 

^Be teacher x>osse«se8 it, is best explained to the pupil viva voce, a 

HpetoreH of the apparatus are not needed, while the book wiU serve aa 

additional and an important purpose of showing how tlie same result* 

may be obtained in a more simple way. The great central ideM 

which are kept prominent throughout the book, and which serve to 

wmect the different departments of Physics in one colierent whol^ 

e the doctrines of the conservation of energy and the corrollation 

E forces. So far as practicable, experiments precede the statementB 

R definitions and laws, and the latter are not given until the pupil' 

m prepared, by previous observation and discussion, to frame them tot 

The subjects are go arranged that, in case a year is devoted 

► this study. Ileal and Electricity may be studied in the winte* 

niths, and Lii/bi in the sunny days of sumraer. 

I Many problems are given in connection with the various priiiciplei 
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and laws. It is not expected that all pupils will perform all the 
problems ; but the teacher will select judiciously from them. If the 
minds of the pupils are quite immature, or the time devoted to this 
study is very limited, it would be advisable to omit some of the 
more difficult topics ; such, for instance, as are treated in §§ 93—97, 
and others. Most teachers prefer the " too much " to the " too little." 

Every teacher has a method of his own. But perhaps the follow- 
ing plan, practised by the author, may be suggestive to some : He 
divides the experiments into three classes: home, laboratory, and 
lecture-room experiments. The first class are indicated in the assign- 
ment of a lesson. They are such as may be performed with such 
simple means as every pupil has at his home. The laboratory experi- 
ments are conducted as follows : Suppose that the number of pupils 
engaged at one time is fifteen, about as many as one teacher can care 
for successfully, and that the number of experiments to be performed 
during the hour is five, which is about an average number ; then, to 
save a multiplicity of apparatus of the same kind, only three sets of 
apparatus of a kind are provided for each experiment. As soon as a 
pupil completes an experiment with one piece of apparatus, he looks 
about for an idle piece of some other kind; or, finding none, 
he improves the time in writing notes on his experiments until 
apparatus is ready for him; in this way each pupil performs five 
experiments during the hour, and devotes an average time of twelve 
minutes to each experiment, including the time of writing notes. 
The third class of experiments include such as require the use of 
apparatus that cannot safely be placed in the hands of pupils, — a 
very limited number, — and those which have been performed by 
the pupils, and which the teacher may wish to repeat in a more 
elaborate way. 

Laboratory practice and didactic study should go hand in hand, 
and divide time with one another about equally. In general, let the 
experiment precede the instruction, the pupils being guided in their 
investigations in the proper channels by the book and by blackboard 
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^HrectioDS. Do not teach pupils to ewim before enUiiiig Ihci wfttor. 
^Hnpt. Seavei, in another part at his report, esclaimM : — 
^H " How many of our text-books begin, not with the suggestion d 
^^concret* illustrations, but with abstract definitions, and still i 

abstract 'first principles,' — blind guides to the blind teacher, and 
BourceB of perplexity to teachers who are not blind," 

Why should the pupil so frequently, to hia great discouragement, 

be called upon to break through a wall of such difficulties befoi* 

I coniing in contact with Nature? 

^H^ The author would take this occasion to acknowledge with pro- 

^^Bnnd thanks his indebtedness to many distinguished profesDors of 

^^HbyHics for valuable assistance. Professor C. K. Wead of Michigan 

^tJoiversity has read the entire work in manuscript, and Dr. C. 8. 

Hastinga of Johns Hopkins University has read the larger portion 

in manuscript atid the remainder in proof-aheets ; and their taauy 

practical suggestions have largely contributed to whatever of s 

may have been achieved. Prof. T. C. Mendenhall of the Ohio Stata 

University has rendered valuable assistance in the preparation of th 

maiy of mechanical formulas and units ou page 128, as well a 

revision of the proofs. To Professora A. E. Dolbear, Tuftt 

; C. K. Cross and 8, A. Holman, Mass. Inst, of Technology; 

J. F. Emerson, Dartmouth College ; J. E. Davis, University of Wis- 

, C. Jillson, Western University of Pemisylva 

f-PerltinB, Exeter Academy ; J. E. Yose, Cusiiing Academy, Ashbum- 

ham; J. O. Norris, East Boston High School; G. C. Mann, Jamaica 

Plain High School ; and others, who have kiBdly and patiently read 

and criticized the proofs as they have passed through tlie press, o: 

hearty thanks are due. 

Under tlie guidance and counsel of guch an array of distiugniahedi 
instructors, we may well foel a degree of confidence that tlie teacbinga^ 

Ethe book are not far wrong. Yet it should be dwtinctly undei' 
3d, liiat for Buy errors which may have crept into the book, t 
hor holds himself entirely r 
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The preparation, in time, of a teacher's hand-book to accompany 
this book, is contemplated, and the publishers would thankfully 
receive suggestions from teachers as to what such a hand-book 
should contain. 
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CHAPTER I. 
MATTER AND ITS PROPERTIES. 



I. INTRODUCTION. 

§1. Experimentation. — An experiment is a question put 
to Nature. We receive the answer b}' means of a j^henomenon^ 
— that is, a change which we observe, sometimes hy the sight 
or hearing, sometimes by other senses. In ever}' experiment, 
certain facts or conditions are alwaj's known ; and the inquiry 
consists in ascertaining the facts or conditions that follow as a 
consequence. The following experiments and discussions will 
illustrate : — 

§ 2. Things known and things to be ascertained. — We 
are certain that we cannot make our right hand occupy the same 
space with our left hand at the same time. All experience 
teaches us that no two portions of matter can occupy the same 
space at the same time. This property which matter possesses 
of excluding other matter from its own space, is called impene- 
trahility. It is peculiar to matter; nothing else possesses it. 
These facts being known, let us proceed to put certain inter- 
rogatories to Nature. Is air matter? Is a vessel full of air 
a vessel full of nothing? Is it " empt}'**? Can matter exist in 
an invisible state f 

Experiment 1. Float a cork on a surface of water, cover it with a 
tumbler or tall glass jar, and thrust the glass vessel, mouth downward, 
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Into the water. In cnse a Inll jar (Fig, I) Is used, tlie experimq 
may be made more attractive by placing oq tl 
a lighted candle. State ftoio the esperiment ai 
cadi of the above questions, and what evidence 
furnishes that air is matter; or, at leaat, that aiq 
lit;c matter. 

Elxperlment 2. Hold a test-tahe for a 
over the mouth or a bottle coutainlDg a 
water. Hold another tuhe over a bottle coi 
hydrochloric acid. The tubes become filled f 
gases that rise from the bottles, yet nothiug □ 
' ! ll ^'^ s^^° '" fii'lifii' tube. Place the mouth of tl 

tube over the mouth of the second, aud lavd 
Straightway a vchite cloud appears in the tuU 
Soon a white, flaky solid collects ou the bottomt 
the lower tube. Surely, out of nothing m 
create something. Wliich one of the above qui 

tions docs this esperiraeut answer ? llow does the experiment 1 




I, we are quite familiar with the fact that matter exert 

I downward pressure on thinga upon which it rests ; and f 

matter, in a liquid state at least, exerts prcsBurc in other dirfl 

tions than downward, as, for instance, j^ainst the aides of q 

conteiiiitig vessel. Does air exert pressure? 

Ehtperlment 3. Thrust a tumbler, mouth downward, into 

and slowly invert. Yon see bubbles escape from 
Fig. 9-_ month. What is this that displaces the water, 
, torras the bubbles? Wlieu the tumbler becomes fll 
with water, once more Invert, keeping its 
under the surface of the water, and raise it nearly 
of tiio water, as In Figure 2. The water does 
(UIl out of the tumbler, but remains in It, eutii 
filling It. Hence, there is some pressure eierted on 
the free surface of the water; otherwise, the level 
would be the same in the two communicating vessels. 
This pressure on the aurflice of the water can only be 
produced by some bodij resting thereupon. But tliere 
Is no body, except the air, that rests upon it. What conclusloa do 
n draw from this? 





J 



lILNUTiiSlliSS OT PABTIDtBS OF MATTEIt. 

^X|KTlmetit 4. Pass a gliuis lut>c lUroiigli llie sU'|>p«r or a liulUi 
Wf^- Sj. Attach n rubber tube to the glass tulie. Exhiuint 
' air bj •■ suction" ffom the bottle; pluch the rubber 
- In ihc nikldlc, Insert the open euct luto a baaiu or 
er, nnd then release the tube. What causes the vrntrv 
fOlKr the battle? Why does not Clic water [III the hot- 
How much will CDter? 

finally, we know that matter Las weight, ami nolh- 

f else lias it. Has uir weiglit'/ 

K:>perlineiit 5. Exhaust the uir b; nienna of an nlr- 

tip ftoni a hollow globe (Fig. i). Uaviuj^ tiirueil the 

I "^Op-cock to prevent the entrance of air, carefully balance 
^'^e globe on a scale-ljeam, a-s lu Figure 5. Afterwards turn 
^he stop-cock, and iidmit the air. The globe Is uo longer 
;ed. Once more apply weights till it Is balanced. 

e experiments with air teach tis that ('( is matter, 

ee, tike matter, U can exclude oHutr matter from the space 

ptpiea, it exerts pressn7-e, and has weight, while all tlie alwi 

ments draw fiwiii nature oqu reply, matter cam exist 1 

; STATE. 



I S3. MitintenGBS of particlea of matter. — Fhj'dokigtst 
ftch us, that, in onler to smell an_v eiihstance, we must taki 

into onr nostrils, as we 
*' ■ hreathe, small partU-les of 

that substance which arc 

floating tu the air. The 

air, for several meters 

ai-ound, is eometiraes filled 

with fragrance from a rose. 

Yon cannot see anything 

in the air, but it is, never- 
theless, filled with a very 
eflust that floats away from the rose. The oilor of rosemai 
I sea renders tlie sliorcs of Spain distinguishable long befoi 
My are in Bight. A grain of musk will scent a room for man 
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.iiM w n M— , .n a lin'jir imii if ^nuciaiii: 
■iv-;ii iiiv~. -wiiumiiisi "v:!!! la luui-u Hi jer^ 
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*: iiiiii to Tnni' iiiriie-i*! ;uii!iiiui.!UL-3. ±e 

!i|-.||' -■■.liiilt^ -u -In; nuki-i -'■-;, EilE art 

.•■!:i,r:ii -■■!— ■■'imi_]ii;s ■m.-rarir-m :n <iQi' 



wiiiuii [juysiciata now 



. Esamiau ■:ar^t^i;:T a Ini! 






il. !.(.j,.-;.i-,. !-.■ lull of H-iit.:r, 
whi'li till- lif:.l '■■.i'i-j-< U> 'xi.rifi'l, ;iii'l 'K'':ii[iy a. ^nreator spaw, as 
r('[tri'>i"rit^''l <^r:i|>]ilr'rill; in P'i;;iir>; 7 ; or tlif Ijoly of water may 
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Fig. R 




insist of a definite Qumhcr of clistiool partic-k'S CMiled moleenln 
(as represented in Figure 8), eeparated ftom each ntlicr bjr] 
sp&ces BO small as not to Ije perceptiblf, 
even with tlie aid of a microscope. Expan- 
sion, in this ease, is accounted for by a simple 
separation of molecules to greater distances. S'nV'il' 
There is no inweose in the number of mole- 
cules, no increase in their size, but aa en- 
largement of s])aee between them. Which t^\ti.tv 
C tliesc siiplKisitions is the more probable? 
Xou observe, wliile heating, that little 
^bles of air form in the midst of the 

ir; they rise to the surface, or attach tlienisflvcs to tho] 
i of the glass. Evidently the air was previously 
ine space occupied by the water. This seems to coatradict 
3 first supposition ; for, according to that, the space occupied 
by tlic water is full of water, leaving no room for other matter,] 
But according to the second supposition, the space is not Jiltf<i 
with water ; there is still room for particles of other matter, i 
the spaces amoug the molecules of water. 

Experiment 2. Take a t«st-tubc tbrci^-fourths full of water. 
the ttibe bj carefnily pouring alcohol upon tlic waiter. Then close thf^ 
^ mth of the tube with a flnger, and shake. It will he fonud that thej 
o longer full. 

[We cannot conceive of two [Tortious of matter occupying th«j 
pie Bpace at the same time ; in other woi-ds, where air or a 
f is, wAter cannot be. We conclude, then, that the glaas " 

P water" is not full of water; tliat no body completely fills ttu 
) enclosed hy its surface, but that there are spaces in everj 
[dy that may receive foi-eign matter. 

'f there are spaces, then the bodies of matter that our eyefl 
Ipennitted to see arc not continuous, as space is contlnitoua^ 
(t every visible body is an aggregation of a countless numbe 

l^eparnte and individual bodies, a single oue of which conati 

Tea a unit ofmaltvr, aud is called a molecule. 
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I'iiluiiu, ai \uur hv»u\os, tho two following exx)eriments: 

l''4|.t.rliiiiiic a. ruhoi'uv vuu'-hair of a toaspoouftil of starch, and 
iKiii i\ la i^u. UiMv.^pv»vMa\ils of ^vutor, stirriug it meantime. What 
|.l.. U..UI. nil .Kvui y wiuM ao tUi-v touch? What becomes of the 

bkith-i if 

I'^lirthiu-ul 4. Kiii ,4 v,^,^^ . ^^jj. j^,l, ^^.^^^ p^jj^ ^y beans. Just cover 
Ui.ui \\\i[i u,.i,i sxaiv'i, ciiKl ^01 away tor tho nijrht. Examine in the 
in'.niiim. \\u.4i plKiu^UK'iKi .lo vou obsorvo? Explain each. 

Mniilx ^pvakii.-. :uv W^H^s of uuittor imiH-netrable ? What 

xvi.v>» v^vi;:-\ Mv' >i;uiio <pa».v at tho same timer 

•1 'VI .nv -,.11 ^v^.i:'.\\ i:K' s^iiiiio ^i^aeor How only 

• > I . . . ^ ' ^ u- n o 1 n^- 1 '.01 ! , v.viis^i*to u:I y with the pnnci- 



^^ -^^ oou5i4Citution of matter. 
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-For reasons 
that will api>ear 

'*.»...:■ >i V* \ '. o : ' I • c ».l . V i ly r«i v.- ist Si have gener- 
'^■^ -^ -.v.!:' .;* '.L-c ,c list: :utioti of matter. 

. -. .\^ .... .'., /iiri/ :.^ .:;>*; gum 
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POKOSITY. — DENSITV. 7 

§6. Porosity. — If the ino1<*cn1c-H <»f a IkmIv iin* iiuwlu-rr in 
absolute contact, it follows that tlii*n* an* inKMTii|>ii'il -|»:ii-i'i 
among them which may lie occupiml hy nnilcc-iilfH of iiih«r xiiti. 
stances. These spaces slim called intrvn, \Vat4T fli-:i|i|N-:ir<« iii 
cloth and beans. It is said to jn'm^trate them: l>iit it ir:ill\ 
enters the vacant spaces or |)on*s In^tween tht* nH»liTiiU*<4 of thi-«i- 
substances. All matter is ixtnMis; thus water may U' ftfri-i-il 
through solid cast-iron, and dense <!old will aliMirli thi* h«jiiid 
mercur}' much as chalk will water. The term ^mr*', in ph\**ii-**. 
is restricted to the invisible s|>aces that H4*parat4* molccnlfs. Tin* 
canties that may l>e seen in a sfKintre an* ni)t pon'S. luit hnlc- : 
they arc no more entitled to l)e calle<l |x>n*s, than the ct-lU of a 
honeycomb, or the rooms of a house, are entitl«*«1 l«i Ik* calh-il, 
resi)ectively, the ix>iv8 of the honeycfimb or of tin- Iioum'. 

Small as auimalcules are, they arc coarse liiiup^i in (-(irii|i:iri<^4»ii wiili 
the size of the molecule. By means of delicate r:ilfiitatif)ii<«. the pln^i- 
cisthas succeeded in nscertainlng approxhimtcly tin- pi-'ii»:ili|i- ^\/.v tit* 
the molecule. If a drop of water could he mnirintU-d in tin- ^ma- ni* tin- 
earth, it is thought that its molecules would appi-ar Miialli r t!i:iii an 
apple. In other words, the molecule, in size, is Id a dr>ip nf uatn* 
what an apple is to the earth. If we should ntt(.'nii)t to ('niiiii tin* num- 
ber of molecules in a pin*s head, counting at the rato of tin million in 
a second, we should recjuire 250,000 years. 

§7. Density. — Cut several blocks of wood, apple, putty, 
lead, etc., of just the same size, and weigii tlu'ni. Do they iiave 
the same weight? Can you explain the dillerence b}* a diller- 
ence of porosit}' ? 

Again, if you can \xy the experiment illustrated in Fijrs. 4 and 
5, using various gases, you will find that the weights of the same 
volumes of different gases are ditferent. But the chemist lias 
reasons for believing that there is tlie same number of molecules 
in the globe whatever be the gas, if the pressure and the tem- 
perature are the same. "We see then. that some bo<lies have more 
matter in a given volume than others, either because the molecules 
are closer together, or because the molecules are ditferent ; we call 
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PHYSICAL AND CHEMICAL CHAXGES. 

*e giibstauc^a into otiier substances. No oav Lili taki 
[)' &(Hn calcium aiiything but calcium, or extr&ot(.*(I fruin 
n, or from oxygen, anj-tliing but carbon and oxygi-n. 
» aubstanceB that luve resisted all oflbrta to break tlipm 
other subalanceB are called aimple stibstnncfa or ele- 
ThosG substances that may be broken up into other 
Hoes are called compound ai^s/anees. Of the large num- 
if substances known to man, only 71 are elements. 
IT Kibstances are eonipounds of two or more of tiiese 

A Biofacuie of any sub^ance, simple or compmtnd, is thai ttnit 

fa (if the eubaianoe whidi cannot be divided without destivying 

^pnpeiiiea; it is like the individual inaociety. 

S9. Physical and chemical changes. — When sugai' is 

^''Hliiil to a ix>wiier, the particles are simply torn apait, but do 
"111 lose their ciiaracteristies. The powder is just as sweet as the 
Iiiinp. Such a division is called a physical division. Geuerally 
"J15 ctiange in a aubatance that does uot cause it to lose its idenlily, 
^^^other tcofda, to cease to be that subetance, ia culled a physicid 
^^■n^. Wiieii sufficient heat is applied to sugar, the molecnles 
^^^HiselveB are divided ; and when a molecule of sugar is divided, 
^^» result is not two parts of a molecule of sugar, but tlie two 
stibstaucc-s, carbon and wat«r. The sweetness is destroyed 
sugar no longer exists ; other substances have taken its placi 
e molecule of sugar is no more like the substances hito which 
jbas been separated, than a woi-d is like the letters that corn- 
Such a division is called a chemical divialon. G 
«, any change in a substance that cauaes it to lose Its identity, 
rease to be that substance, is culled a chemical change. 
bee, heated, melta to water; water, heated, becomes steam; f 
I, condenses to water; water, cooled, becomes solid. T. 
& ohsDgCB the sabstaace, tbe molecule, lia^ not cliniiged. There 
hheeo onlj a change atnong the molecules. !n diEtauce adA arniiige' 
What hind of change is tliia? But if the steam is subjected 1 
jery Intense licat, the result ia tliat it becomes converted into 
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ffi'it^A S£;t^. '•//fnUtiiiK of two i:^a<«e.s, oxygen and hydrogen. This gas 
;^ ff/f*. ' ortf)*ruHti)fU', at any ordinary temperature. Unlike steam, it 
v.jTt^ An'i tvt-n fxpUnU-H. What kind of separation is this? What 
f,.»^ '^/fi «' jfftrnt'"'! ? 

P5, 1/ /•/'/» r^I /rnyoiis an; pn^pared by subjecting clialk-dnst to great 
;ftf-*-i»t' . //M'-.h r-flUH^f* tlio dust particles to unite and form the crayon. 
7/;, i> / r,/| /,r / fifiiiK'- i** t^bis ? What kind of union ? In the experiment 
^vt^/- ; y '/I Ml tb': nifiirioiiia and hydrochloric-acid gases, the two gases 
^. -n^.f'y *f. Mild u 4ol)d in lf;rt in their place. What kind of change is 
ir, - ' r,/ ;/»'»/ ti] or pbynical ? Is it union or separation ? 

:^ 10. Annihilation and creation of matter impossible. 

P',iilf*^tUnt'$tt. I. I'lrpan; a saturated solution of calcium chloride, 
vf / "'.-', (Ml '/|fi/il tiiilk of water and wei<rh the solution. Prepare a 
/... ,«y c'/,ii*\i,t^ ,,f f.iilphuric arid CI to 4;, and pour an equal weight of 
h,/ .»■:' --o:riti'>ii on Uh! Hrht, all at once, and shake gt^ntly. Instantly 
fM it,\ft\ \\t\\i'v\ )n't'i}U\vM a solid. The solid forme<l is commonly 
/ffji'd \,Ui'\Ur of I'uriH. It \h an entirely diflferent substance from 
t tiU*t 'it iUf two llqiiidM UMf;d. What kind of change is this ? A new 
tiit\n:Uiw I- litm \n't:ii forrrii'd. Mum matter been created? Weigh tlie 
p-.-.iiinn;/ :'oli<l ; 1(.H wt'\i^Ul <;(iiuil.s the sum of the weights of the two 
h'jui'lM. '1 Ik* ('oiM'lijMion in, that no matter has been created, none 
lo>J. 

Soli'li ifii'iv \tt'. (•(}uyi'vU'(] into rKjuids or gases ; gases maybe 
*'tni\t'i\t't\ into li(jiii(U or .solids ; Kul)stunecs may comijletelj' lose 
!Ji<'lr f\iiit'i\.('.U-r\sl\cH : luit. wfni, has hot flisrocerecl the means by 
irji it'll ti iiiiifjlr moh'rujt' of 'innttf'T can be credtnl out of nothing^ 
or hij irhirli a. sui(/h'. laobuiiiU* of mattn* am be reduced to 
iiolhivij. Mjiit-<?r (raiinot Im* (rirjitcd, cimiiot l)c annihilated; it 
is a vi)\\HUi\\\. (|UMnti1y. I'lui discjovcry of this fact laid the 
foiiiidation of tin; H(fic?!i(;(j of Clieinistiy. 

This stjiti'incnt may not seem to ncconl with many occurrences of 
every-djiy rxixTiiMicc. Wood, coal, and other substances Inirn; matter 
disappears, and very lltthi is left that can be soon. But does matter 
pass out of (existence when it disai)pears in 1)nrning, or docs it assume 
the Invisible state known l)y the name of jjas ? 

Experiment 2. Hold a cold, dry tumbler over a caudle-flame. The 
bright glass instantly l)ecomes dimmed; and, on close examination, you 
find the glass bedewed with fine drops of a li(iuid. This liquid is water. 
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r«ii Diajr tliink It strange that wutcr la Toi'mi'd in the hot flaiiu'; 

I )W (lit) simple esp^imcnt shows thut this is really tliccnac. If water 

I tl twmtd (luring the buruing, what Is the reaaou we Jo not aeo It? 

^Bimplf because it rises tii the fonn of steam, which 1b aa invisible gas. 

1b rblble eloiicl, often called steaio, which Is Ibrincil iu flxint of tha 

^tlcof a tea-kettle, Is not attam, but Sue drops of water lloatllig la 

—a sort of water-dust. All clouds are of the same natnre, A 

Mil always stands oi-er Niagara Falls, cveu on the clearest days, 

tit* mee of the river Iklla n distance of 150 Itet, and, striking a l^d 

'>'' rotlis below, some of it is dashed luto fl-agments, or dust, which 

'iwa in a clood. 

Kxperimcnt 3. Introduce a caadle-flaine into a clean glass bottle) 
^T it has burned a few minutes the flam« goes out. Why does it 
?o out i See wlK'thei' the air in the bottle Is the same as it wat 
fcre. Pour a wiueglass fliU of lime-water lulo the bottle, cover tl 
iMud shake. .Vlso pour Uiiie-water into a battle Hlled with air. The 
ftifflier becomes white and cloudy, the latter remains clear. It la 
OpIMreut that some new substance has been formed daring the 
Iraming. which, unlike air, can turn the lime-water white. This n 
'uMonce Is likewise an Invisible gas. 

So that, before we can decide whether or not matter Is annihilated 
"fide barnlng, U is necessary to collect carefully, not only the ashes. 
'jitt a!) the invisible gases that are formed. This is a somewhat 
I'liiblesome experiment; but it has been freqneuily iieiTormed, and it 
I innad tliat their collective welgiit is (jaite equal to the weight which 
tiie eaodic loses. 

Wator does not pass out of existence when it "dries np"; noi 
•drops and dewdrops created ontof nothlug Matter Is e^erj where 
Icrgoliig great and various changes, both chemical and phjMcal 
Unrq is ever arraying herself iu new forma The sou 'Harms 
m, converting the liquid into lapor, the vapor ri-e 
iTBlr, is recondensed on mountain higliti, and returns In tIm-t-. 
lloceAn whence it cnmo. Geology teaches ua that continents and 
Ui», &Dd cveu the "everlasting hills," huic i birth and ditay t 
» whole tilbes of animals and vegetables Although -ne may 
nnted among llie living ten years hence, our bodLPS will 
i, have crumbled Into dust; aud the matter that will then compose 
if bodies is to-day to be found mainly In the earth upon wSilch w 
Change Is stamped upon all matter ( uothiug is exempt. Only' 
tantity of matter remains uncliauged. 
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i 11. Force. — Expnrlinnit 1> From a piece of csnlboard » 

lU, by tiK'UJi? of silk tUrcads, Nix plth-lmlls. so thai they mtj 
about 2™' apart. Frocura 
ttean. dry ^litss mbe, abc 
' long anil 3™ in dla 
Rub & portiou of tl 
tiilw bHbkly with a silk im 
kerchief, and liold ft abo 
2^ below the balls. Tlte bi 
seem to become siul(leiil;p< 
sessed of life. Tlicy (^ 
aliotit tile roil, and strife 
reocli it. If we cut out 
tlie tlirearis, the ball will 
utralRht In the rod, anil cling to It for a time. The means by wU 
tlii< ri«l pnllK the bulls Is Invisible. Yet evidence is positive tliatt 
^ptA lion an liitliionec oQ tlic balls, — tlint it j>til/s them. Klip a piece 
BAmh iR'twuun the roil aud the balls; still the influence is felt by I 
^bt*. Till! glasH ducB not sever the invisible boDds tliat conoect I 
^■Ula wUI) tlip rod. 

B^ Nmv slowly bring the rotl near the balls, till they touch. They 
Hbfit cling to t.hn rotl; but soon the rod, an If displeased with Qi 
nonipany, hcKbiH lo push them away. Withdraw the rod; the bi 
Ho not hanf; by paiidli'l threails as before, but appear to be pnsbi 
mjniu another apiirt. Gradually brln^ the palm of tlie band up htaie 
KUin balls, but without touching them. The balls gradnally yield 
Ubn pnll of the hand, and come together. Remove the hand, I 
KU":y BfCaln fly apart. Matter does not aeem to be the dead, fn 
Jlblnit wlildi It U often called ! iica.n p'mh OJuljnill. 
m Rxperlmpnt 2. liaise onu of these balls witli the fngers, and H 
BilR'tthilraw tliR t1nK<^ra. Something from below seems to i-each up, ■ 
bnll tho bntt down again. The same happens witti each one of 1 
nillsi eA'ory bnll is ]>ul1i'(1 by something below- What Is It that pi 
Hie lialls? Ciiri'y the balls Into another room, the some thing ooec 
^Cftrry tlium to any jiart of the earth, the same thing occui's. It la 
Ki that it Is the earth Itself that puUa the balls. The eartb pulls ' 
^Knlt and the leaf from the tree to Itself ; it pulls all objects to itsc 
^Klmorc, — It holds them there. Attempt to raise anything from 
^feound, and you feel the earth's poll resisting yon. 
H Attempt to breok a string, or crnsh a pleeu of chalk, and you J 

H^ 1 Tablo of [he Melclu UiSBUm may be found In tbe Appeadli, BecUoii A. 



^■^ MOI.AB AND M0I.ECU1.AR FOIECKS. 

^^^Bu, notwithtr tan (ling the moleciileti of those boilk-s ito not toucli 
^^BHllier, they posKesb a force wlik'li 1<.-ikIb la ki'i-p tlu'in togi'llicr, and 
^^BiiKsibtyoui' attempt to ueparBte Uiem, 

^^BJU. Force defined. — This nliility to push ami to pull, 
^^^Hildi matter possesseB, is called foiTe. We do not know why 
^^Rxuate portions of matter imasess ability to approach 
^^Biotlier, or to separate from one another. We do nut hnon 
^^Bniire of force ; we cannot see it or grasp it ; we etmply 
^^Bpawtliat there mtiat be a cause for ceiiain tfferls prwliiced, 
^^Be familiar effects prodnced are motion nnd rest. I'or exnm- 
^^HV) we Bee n Itody move ; we know that there is a cause : that 
^^Bue we attiibiitc to force. Wlien a body in motion comes t« 
^^Bti we look for a. cause, and that cause we attribute to force. 
^^HIb diMcult to define force ; probably the most compreliensivt 
^^Hinltion that has been given is the following : Ivi'ce is titttt 
^iRfd/i «m pi-oduce, change, or destroy motion. 
i All force exhibits itself iu pushes or pnlls. All motion is 
piXKluced by pushes or pulls, or by a combination of both. A 
[lulling force is called an attractive force, or simplj- attrtidion. 
A pushing force is called a rcpdlent force, or rrpnlsion. 

^ 13. Attraction and repulsion mutual, — Expcrimpnt 

Suspeiiil a ivooden latli in a sliny. liub one end of a glass rod will 
Hilk, and bring that cud of thu ixhI near tu oiiu end of tliu lath. Tlie 
loth is Bitracted by the rod aiid moves toward it. Now place tLe rod 
in the sling, and bring the lath near tu Its excited end. The tath dr: 
the rod to Itself. We conclude that the pulling force belongs to botli 
— that boti] am coucemed In tlie pulling. In the expcHment With the 
pltli-bollH (^ U. Exp. 1), they seem to be mutually pushing each other, 
All ailraeUiiii andrfptilsiou beiKeen iifferenc portions o/maller are imiival. 

tl4. Molar and molecular forces. — The glass rod does 
seem to [wssoss any attractive force, until it ia rubbed with 
handkerchief. The pith-balls do not repel one nnothei- until 
Uiey have first touched the glass rod. Attev a time. Die 
and the balls lose both tiieir attractive and repellent fori 

! pnss the hand several times over the i»ait of the rod 
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that has been rubbed, and over the balls, they quickly 8urren<ier 
their forces. These forces are temporary. They are called 
elffctric forces^ and their cause electricity. The attractive force 
that draws the balls to the earth existed before the experiment. 
No manipulation can destroy it or increase it ; it is eternal and 
unchangeable, and exists between all portions of matter. This 
force is called iha force of gravity, and the phenomenon is callecl 
fjravitatioyi. 

We have seen the effects of attractive and repellent forces > 
reaching across sensible distances. Have we an^'^ evidence 
that these forces exist among portions of matter, at insensible 
dJMlaiHroH, /.«., at distances too short to be perceived by cnxC 
HC'.nHc.H? Stretch a piece of rubber; you realize that there i8» 
ff}r('c nrsisting you. You reason that if the supposition be true, 
that the grains or molecules that compose the piece of rubber do 
not U)\i(rU c.iu'h other, then there must be a powerful attractive 
forcAi reaching across the spaces between the molecules, to 
prev<;rit tlitjir separation. After stretching the rubber, let go 
one, i'Au\. It springs l)ack to its original form. What is the 
cuMHc.'f OMnjiress the rubber ; its volume is diminished. (Does 
thin i-ituiiYui our supposition respecting the granular structure 
of niJitUtr?) licniove the pressure; the nibber springs back to 
its original form. What is the cause? 

Kv(!ry body of matter, with the possible exception of the 
molecule, whether solid, liquid, or gaseous, may be forced into 
a smaller volume by pressure, — in other words, matter is com' 
prfiHHlble. When pressure is removed, the bod}^ expands into 
nearly or quite its original volume. This shows two things: 
first, that the , matter of lohich a body is foiiniecl does not really 
fill all the space which the body appears to occupy ; and, second, 
that in the body is a force, which, acting from tcithin outward, 
resists outivard pressure ieyiding to compress it, and expands the 
body to its original volume ichen pressxire is removed. This is, 
of course, a repellent force, and is exerted among molecules, 
tending to push thom farther apart. 
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^K But it has pTovioiisly been sliown lUat there is also an attrart- 

^^ne force existing betweeu tlic molecules. Now whal is the 

^^pTecti wbeu twu forces act on a body in opposite dirL'ctionsf 

^Bettvo kiye. at op|>osite ends of a table, push tbe talilc. If. 

^B|liUi])ush vritb equal I'orce, the table does nut move ; it is i 

^■f one pusbed it. But if one boy pushes a little liariler tliaa 

^BiE DlJicr, thon the table moves in tbe direction in wtiicli tlie 

P greater force is applied. Now ive liave tbe key to the solution 

"f B difficulty, which alwajs arises in tbe mind of a beginner in 

I "cieDce, when be first hears the startling statement that the 

I molecules of bodies, of his own body even, do not touch one 

' Another. If faith were of quick growth, he would shudder at 

. lim thought of falling to pieces, or of being wafted away by 

■■e winds as so much dust. 

^Bjlie ancients, perceiving that matter ranst l>e built up of 

^BfiU partH, overcame this ditflculty by supposing that the 

^Miiute particles have hooks or claws by which they grasp one 

ttiiother. Our knowledge of the operntion of forces enables ■ 

dispense with hooka and claws, much to the advantage of science. 

IVe see that tlie molecules of a body are kept from falling 

iipart. or from separation, by a universal attractive force ; they 

are also kept from falling together, or tVom pei-mancht contact, 

by an ever-existing re peUent force. These forces act at insen- 

distances between molecules, and hence are caUed molecular 

When Ibrces act between bodies at sensible distances 

yare called molar forces. Give illusti-ations (I) of molar 

(2) of molecular forces. 

II. THREE STATES OF MAXTEIt. 

^ISl Matter presents itself in three different states r solid, 
, and gaseous, — fairly represented by earth, water, and 
air. Because these forms are so common and abimdaiit, some 
ancient philosophers held tliat all solid matter is formed of 
Ji, all liquids of water, and all gases of air. On tliis account 
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they called them, together with fire, elements or primar}- matter. 
They cannot now be so regarded from a chemical point of view, 
because each of them has been separated into still more simple 
substances ; nor from a physical standpoint, because, as will 
soon be shown, most substances ma}' exist in an}* one of these 
states. 

§ 16. Characteristics of each of these states. 

Experiment 1. Provide two vessels, a cubical dish and a goblet, 
each having a capacity of about 200ccra. Also provide 200«=™ of sand, 
2ooccm of water, and a cubical bloclt of wood containing 200«^">. 
Grasp the block, and place it in the cubical vessel. Attempt to do the 
same thing with the water. Why can you not grasp the water ? Pour 
a portion of the water into the cubical vessel. When you move a por- 
tion of tlie block, the whole block moves. When you pour a portion 
of the water into the cubical vessel, the whole does not necessarily go. 
Why is this ? Why is it that we can dip a cupful of water out of a 
pailful, without raising the whole? Pour all the water into the goblet 
The water adapts itself to the shape of tlie goblet, and the vessel is 
filled. Attempt to place the block of wood in the goblet. What dif- 
ference in phenomena do you observe ? Wliy this difference ? Pour 
the sand from vessel to vessel. It adapts itself to the shape of each 
vessel. Wliy ? Drop the block of wood on a ta})le. Pour water on the 
table. How does a liquid behave when there is no vessel to confine it ? 

Experiment 2. Throw small particles of sawdust into the goblet of 
water ; you can thus render percepti})le any motion of the water in the 
goblet, just as, })y thro wing-blocks of wood on the smooth surface of 
a river, you can discover the motion of the river. Notice the ease 
with wliich the particles move about, rise, and sink. As they become 
quiet, slightly jar the vessel, or tap it with the end of a pencil, and 
notice the case with which disturbance is produced throughout the 
liquid. Now rap the side of the })lock with a hammer, and observe 
liow immovable are the particles of wood. 

Our experiments teach us that the molecules of solids are not 
easily moved oxd of their places; consequent!}-, solid masses 
form such a jirmhj connected whole that their shape is not easily 
changed^ and a movement of one ])art causes a movement of the 
ichole. On the other hand, the molecules of liquids have scarcely 
any fixedness of position, but easily slij) between and around one 



^^V'Clto'; conseqaently. liquid bodica easily mold themselves ta I 
^^^ alapc of the vessel that contains them, are fMured from ves- I 
^^■lo vessel, and are easily separated into parts. I 

^^^^twhat Bliall we say of tlie sand, tvhiuh. like water, adapts I 
^^Btif to the shape of the containing vessel, and can be poured? I 
^^K und a liquid? and are powders liquids? No, powders are & I 
^^BUection of amall lumps of solid matter. When ixnvders are I 
^^Bored, lumps of matter roll aiiJund one another, as when I 
^^Haloes are poured from liasket to basket. When liquids are J 
^^^■red, molecules glide past one another. I 

^^■t is not so easy to study the characteristics of gases, because I 
^^K cannot usually see them. But we may be aided by a device J 
^^■ular tu that employed to make the movement of water visible. I 

^^nixperlnient 3. Darken a room, and admit, through a small crock 1 
^^HlOIe, a beam of direct sunlight You see particles of dust dancing I 
^^■le path of tlie light ; the motion never ceases. See how easily the I 
^^^bon Is quickened by gently waving the hand at some distance from 
the iteani of light. 

Experiment 4. Fill a glass bottle with a dense smoke, and close the 
mouth with a cork or rubber stopper. Quickly place the bottle beneath 
Ihe receiver of au air-piunp. and exhaust the air. The air and smoke 
in the bottle expand, drive out tlie stopper, and fill the receiver. 

Jn gases, fixedness of position of the molecules is entirely vant- 

-u ktgt ond freedom of motion among themselves is almost perfect, t 

Mn$jr ^apear to be in a eontinuai state of repulsion, and conse- 1 
Wigpttly have a tendency to expand to greater and greater volumes. 

^■ej expand indefinitely, unless conflned by pressure, while I 
^B^ds and solids tend to preserve a uniformity of volume. 

^^Ojiquids do not rise above what is called their surface, and we j 

^H^ have a vessel half full of a liquid ; but gases have no defi- j 

^Bs surface, and there is no snch thing as a vessel half full of ■ I 

^■U. On the other hand, if gases are subjected to pressui'e, their \ 

^Kmme may be videjinitely diminis/ied ; for instance, the air that I 

^^b fiUa a quart vessel may Ik compressed into a pint vessel, I 
^K«Ten into less space, if suiBcient force is used. The com-4 
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pression of liquids is barely perceptible, even when the pressur 
is very great. 

§ 17. Philosophy of the three states of matter. — W^ 
conclude from the difficulty which we experience in separating* 
the parts of a solid body, that the molecular attractive force ia 
solids is very great. From the ease with which we usually 
separate the parts of a body of liquid, we might conclude that 
this force in liquids is very weak. But before arriving at any 
conclusion, it is necessary to consider how the difficulty of sepa- 
ration of the parts of a liquid is to be measured. It is very 
easy to tear off a portion of a sheet of tinfoil, but we should not 
surely regard this as an evidence that the molecules of tin have 
but little attraction for each other, for in tearing such a body we 
only apply the force to a comparatively few molecules at a time. 
We can form a just estimate of the strength of molecular attrac- 
tion only by attempting to separate the foil into two portions by 
sucli means as that the separation ma}^ take place no sooner at 
one point than at another. So, too, it is very easy to separate 
a drop of water into two portions, but this is no measure of the 
attractive forces unless we take precautions that we do not apply 
the separating force successively to different molecules. If we 
succeed in preventing such a successive action, and there are 
certain methods of doing this more or less perfectly, we should 
find the process much more difficult, — more so, indeed, than to 
produce a similar change in many solids. 

There is, however, a difference in the molecular action in 
solids and liquids ; such that, in the latter state, the molecular 
forces offer no resistance to a shaping force, while in the former 
state, change of shape can only be brought about by the appli- 
cation of considerable force. 

In a gas, on the contrary, there is no attraction between the 
molecules ; but as they are constantly hitting one another, and 
thereby tending to drive one another apart, it requires an external 
force to keep them together. 



W PHILOSOPHY OP THE THUEB STATES OP MATTER. 1! 

B Suit. Id goaes, the molecnies are thought to be io motion Uh« gnat« 
Hbihcilr; in liquids, llbe nion raovlag through a crowd; In isollds, llie 
HboHoc or each molecQle is liks that or a man In a dense crowd where 
Hb li limost or quite impossible to leave his neighbors, yet he mn; tuiD 
Vwiimd, and have some motion Trom side to side. 

I Practically, tlie condition of any portion of matter depends 
I Upon ila teini>eraturc and pressure, (Soo S WO.) Just aa at 
onllliary preesures water is a. solid, a liquid, or a gas, according 
la its temperature, so any substance may be made to assume 
mij one of these forms unless a t:httiige of temperature oceasious 
a ciiemical change. 

There arc certain apparent exceptions to the last statement ( 
ibr example, charcoal, though it has been vaporized, has nevei 
h^vn obttined in a liquid state, simply because sufflcierit press- 
ure has never been used. Ice will change to a vapor, but can- 
not be melted unless the pressure exceeds six grams jief square 
centimeter. For a similar reason, iodine and camphor vaporize, 
but do not melt. Alcohol has never been solidifieil, or frozen. 
It has been rendei'ed thick and pasty, — a semi-solid condition, 
showing that it only requires a little lower temperature than 
to which it has been exposed, to complete the solidification. 
.8 regards the temperature at which different substances 
SSBiime the different states, there is great diversity. Oxygoo 
and nitrogen gases, or air, — which is a mixture of the two, — ■ 
li(piefy and solidify onlj- at extremely low temperatures; and 
then, only when the attractive force is aided by tremendous 
pressure. On the otlier hand, certain substances, as quartz and 
lime, are liquefied only by the most intense heat generated by an 
electric current. The facts, snmmed up, are as follows : nc 
of the three states of matter, solid, liquid, or gaseous, is peculiar 
to any substance; the state that a substance assumes depends 
sole!}/ on its temperature and pressure; bo that every solid may 
be regarded as simply matter in a fi'ozen state, every liqui" 
matter ill a melted state, and every gas as matter in a state of 
Alcohol la the only liquid that has not been completely 
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solidified. Every liquid has been volatilized, and every gas has 
been liquefied and solidified. Air was one of the last of the 
gases to surrender its reputation of being a " permanent gas." 
Not till the year 1878 was it reduced to lumps. We may predict 
the future of our globe. If its heat inei*eases sufllciently, the 
whole world will become a thin gas. K its heat diminishes indefi- 
nitely, all earth and air will become a solid mass. 

III. PHENOMENA OF ATTRACTION. 

According to the circumstances under which attraction acts, 
we have the various phenomena called gravitation^ cohesion^ ad" 
hesion, capillarity^ chemism, and magnetism. Sometimes these 
t^^rms are used as names of the unknown forces that cause the 
phenomena. 

§ 18. Gravitation. — That attraction which is exerted on all 
matter, at all distances, is called gravitation. Gravitation is 
universal, tliat is, every molecule of matter attracts every other 
niol(5(Mil(j of matter in the universe. The whole force with 
wliicli two l)odi(;s attract one another is the sum of the attrac- 
tions of tli(;ir niole(;ules, and depends upon the number of mole- 
cmIch ihii two bodies collectively contain, multiplied by the mass 
of (liidi inolecnle. The whole attraction between an apple and 
Mh'. earth is equal to the sum of the attractions between eveiy 
moUH-AiUi in the apple and ever}' molecule in the earth. 

S 19. Weight. — It is scarcely necessary- to state, that what 
is nnd(Trtto(xl ])y the weight of a body is the mutual attraction 
l)(!tw(;en it and the earth. The term mass is equivalent to the 
(;xi)res8ion quantity of matter. It follows, then, that weight is 
proi>ortional to mass. Why do we weigh articles of trade, such 
as sugar and tea? 

§ 20. Does the apple attract the earth with as much 
force as the earth attracts the apple ? — Let us examine this 
([ucstion. First assume that the molecules of the apple and the earth 
liave equal masses, i.e., are homogeneous; then the attraction of any 



LAW OF UHAVITATIOS. 

oiecnle in the apple for any molecule iu Ihe earth Is eqnal 1 

attraction of aa; molecule In the eartli r»r auy molecule In the apple. 

That is, irthe eartli and the apple consisted each of a single lilcu luul^ 

cole, their attraction for etich other would be equal. Now su|iih>ss: 

^■kpC the apple contains two and the earth Are such molefules. LM 

^^^■force witti -which one molecule attracts auother be represented by ni 

^^Kr, each molecule of the apple attracts the Qvc molecules In the cnrUi 

^^^nh a force or oil ; the two molcculci: In tlie apple woulil attract lliA 

eiirth with a fuice of 10 n. Ou the other hand, each molecnte of llur 

earth attracts the molecules of the apple with a force of 2», and Ih* 

ave molecules In the earth would attract the apple with a fbrce of 

Kit. It Is obvious that the same ooui'se of reasoning will apply In 
|e the attractiou is between two molemles whose masses dlBbr, 
^ consequently between all bodies of wliatever mass or substance. 



e a body of small n 
is On laCter «Mmcw ihe foi-mer. 

If the apple attracts the earth a: 
apple, why does not the earth rise 
^similar ease. Suppose that a 
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)!trong1y as the cai'tb attracts thft' 
D meet the apple ? Ltt us exni 

IKlmilar ease. Suppose thai a man lu a boat pulls on a rope attached 
bdsbip. Ills palling draws the boat to the ship, but the ship docK 
ft Appear to move. But if Are hundred men, lu as many lioats, pulled 
Ketlier. the ship would be seen to move. Dill the oue man pi-oduc^ 
Lnolion? If so, then would the five hundred men produce no 
H, since Ave hundred times uothlug Is nothlug ? Yes, the apjile 
Rcs the earth as surely as the earth moves the apple; but the appli 
R more to move, and, consequently, It moves the earth u distance ai 
many times less than it is moved by the earth, as the quantity of miiS 
(cr In the earth Is times the qnantity of matter In the apple. The re 
spcctive distances the two bodies move vary Inversely as i.lielr massea 

§ 21. The force of gravity varies with the distance 
tram the center. — Obsci'vatioiis niatle in \'arioiis waya show 
ttiat the foroo of gravity varies over the sLirfacc of the earth. 
[| be provoil by geometrical metbotla that a sphere or a apheroid 
IB upon a moleeule without it as though all its attractive force^ 
e concentrated at its center. Now it is found that the nearer 
■ object without the earth's aurfaiie is to the center of the oartb 
B greater is tlie force of gravity. The polar diameter of the 
1 is about 2G miles less than its equatorial diuiueter, and, 
seqnently. the distance from the center to the surface at tlie 
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l)ole8 is 13 miles less than to the surface at the equator. This 
considerable difference in distance from the center occasions an 
appreciable difference between the weight of a body (having any 
considerable mass) at the equator and at the poles ; and, since 
the distance of the surface from the center constantly increases 
as we go from the poles toward the equator, the weight of all 
objects transported from the poles toward the equator constantly 
diminishes. 

It is obvious that any object raised above the earth's surface, 
as in a balloon, must weigh less than at the surface of the earth. 
But the bights with which we commonly have to deal in our ex- 
p(?riments are so small in comparison with the earth's radius, that 
tiu; differences in weight due to differences in hight at a given 
place can scarcely be detected by most delicate tests. 

The statement that " weight is proportional to mass" (§ 18) 
niiist, therefore, be restricted to a comparison of masses at the 
name place and at the same altitude onl}'. The propriety of 
nuikinji," ii distinction between the terms mass and weight is 
now api)iuvnt, as the former implies that which does not change 
when 11 body is transferred from place to place, while the 
hitter niiiv change. 

ir the eiiitli were of uniform density, bodies carried below its 
snrltice would lose in weight as the distance below the surface 
increases. At one-fourth the distance to the center there would 
])(i a loss of one-fourth the weight. At one-half the distance 
the weight would be one-half; and at the center nothing. Is 
weight an essential property of matter ? State certain condi- 
tions on which a body would have no weight. 

The terms u}) and doivn are derived from the attraction be- 
tween the earth and terrestrial objects. Down is toward the 
center of the earth, or it is the direction in which a body falls or 
tends to move in consequence of gravitation. Up is the oppo- 
site direction. It is apparent that the up and down of one 
place cannot correspond witli the up and down of any other 
place. 



QUESTIONS. 
a pound-n'eiglit and a pound of sagar nere balAnoed with 
inry ecales at tlie equator, and trausportcd to one of tlio poles of- 
1, would they cease to balance each otber f 
If the same quautity of sugar be suspended from a sprisg-balanca 
at the pole, will tbls instrnment indicate just a pound, more or less ? 

3. Imagine yourseir at the center of the earth. In what direction 
must you turn your race iu order to look up ? 

4. Imagine a. person at oue or tlie poles, aud another at the equa- 
tor, to be looking down tipou you at the center of the earth. Would 
(tiey both look iu the same direction ? 

6. Draw a circle lo represent the earth, and two Hues to represent 
rhe direction In which the two persons would look. 
6. What 18 the origin of " wotcr-power " ? 
T. What Is the cause of tides? 
^^S. Which Is more diOlcult, to aeceud or descend a hill, and why ? 
^■S. The earth has about 81 times as much matter In It as the moo 
^H which bo^y would you weigh more ? 

^■U. Is there n. place between the two bodies at which you wou 
wdgh nothing? Ifso, why? 

11. How far does the earth's attractiou extend ? 
IS. Which would you prefer, a pound of gold weighed with a spring- 
it at the surface of the earth, or a pound weighed 3,000,000' 
Ion the surfttue? 



^{22^ Ooheaion. — Tliat attraotion which Lolds the molecules 

if the eamc substance tt^eLher, so as to form larger bodies, is 

iJled cohesion. It ia the force tliat prevents our bodies, and 

i bodies, from railing down into a mast) of dust. It is that 

e which resists a force tending to break or crush a body. II 

st in solids, usually leas in liquids, and nothing in gasesi 

I acta only at insensible distances, and is strictly a molecular 

force. "When once the cohesion is overcome, it is difficult to force 

llie molecules near enough to one another for tliia force to become 

_effective again. Brol^eu pieces of glass and crockery cannot 

B BO nicely readjusted that they will hold together. Yet two 

lished surfaces of glass, placed in contact, will cohere quita 

eougly. Or if the glass is heated till it is soft, or in a semi- 
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fluid condition, then, by pressure, the molecules at the two 
surfaces will flow around one another, pack themselves closely 
together, and the two bodies will become firmly united. This 
process is called loelding. In this manner iron is welded. 

Cohesive force varies greatly in different substances, according 
to the variation in the nature, form, and arrangement of the 
molecules of which the}- are composed. These modifications of 
the force of attraction give rise to certain conditions of matter, 
designated as ci*ystalline^ amorphous^ hard, flexible, elastic, brit- 
tle, viscous, malleable, ductile, and tenacious, 

§ 23. Crystalline and amorphous conditions of matter. 
— If our vision could be rendered keen enough to enable us to 
see and examine the molecular structure of different substances, 
to look into their bodies, as we look into the starry heavens, and 
observe the positions, the spaces, and the arrangement of that 
unexplored world, there would undoubtedly be unfolded to us 
wonders and beauties of which we have never dreamed. We 
should probably behold an endless variety of arrangement among 
the molecules. We might learn why it is that the molecule of 
the diamond, of graphite, and of charcoal being the same ^/".e., 
the same substance), we get, possibly- b}' different arrangement 
and different behavior of molecular forces, the hard, transparent, 
and brilliant diamond in the one case, the soft, opaqife, metallic- 
looking graphite in another, and finally the porous, black, and 
shapeless charcoal. 

Obtain a piece of mica, or Iceland spar, and a piece of chalk, 
and attempt to cut them in two, by applying the knife in differ- 
ent directions. You find that you can easily cleave the mica in 
one direction, and obtain a smooth, shining surface. This is 
called its plane of cleavage. Cut it in any other direction, and 
you get rough and ragged surfaces. The spar may be cleft 
easily and smoothly in three dfrections. But the chalk ma}^ be 
cleft in one direction as well as another, and in no direction can 
a smooth surface be obtained. We learn by these trials that 
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CHYSTALLIZATION. 2.' 



ifter may have meUiod in its arrangenient, or ptiHsess delhiiU 
Btructure. 

When matter exhibits structure or method in ita moleculai 
arrangement, it is said to l>e cryalalUne. Examples of crys- 
talline arrangement are mita, Iceland spar, and carbon in Um 
tm-m of diaraoinl. When its moleiiiilar armngement is method- 
leas or structureless, it ia said to lie amorjihoiix. Esamples of 
iiplious matter are clmtk, glue, glass, and carlion in the fnriii 

■diareoal. 

VExperlment 1. Pulvcme 2UK of alum, aud di-ssolvi? iu JKl"-'"' ot Ijot 

; suspend a tlii'caci iu the solution, autl put it away wLere 1 

Jetly null slowly cool. After It has become cold, you will flud 

3 the thrcMl heuutiful transparent bodies of regular shape, 

e process by wliicb matter in solidifying aiJHQnie>( a structural 

□ Is called eryslultU'ilion, and bodies which have acquired rcgnlat 

>e by this proe<:ss are calhd cryUa/g. Obtain crystals of saltpeti 

le vitriol, and potassium hiehromatc, by dissolving; as much as pos- 

,e of tlteae substances in hot water, and allowing tlie Bolutions 

tol. afvaya aloirly and gKietlj/. 

ft'Experiment 2. Thoroughly clean a piece of window-;s;las!<, and pour 

u it a hot, eoncentrated solution (sec § 35} of ammonium ulilorlde 

! saltpetre. Allow the liquid to drain off, hold It up to the suuligiit, 

1 you will see t)cauti!h)l crystals rapidly springing mto existence, 

fading and ijrunching like vegetable growth. 

Very interesting illustrations of crystallization are those dell- 

■ lacelike flgiires which follow the toncU of I'roat on 

Itidow-pane. Figure 10 represents a few of uioi-e than a ttiou* 

Hid fonns of soowflakes that have been diseovei'ed, resulting 

n a variety of arrangement of the water molecules. 

Nature teems with crystals. Nearly every kind of matter, in 

Bsingfrom the li<inid state (whether molten or in solution) to the 

i Btate, tends to assume sj-mmetrical forms. CrymlidUzaiion, 

mihe rule ; nmorpkism, the exception. Bveak open a sugar-loaff 

n will And tlie surface fracture composed of small, shining,- 

talltne surfaces. You can scarcely pick up a stone and break 

S without finding the Maine crystalline fracture. Every pieo*l 
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, of ice is a mass of cr\stals so cloich packLtl togetlier that t 
individuals are not distiu^uia liable 

§ 24. Change of volume by crystallisation. — This ten^j 
l-^Qcy of matter to atractural arrangemttit i'* not oiily very inteM 
i eating, but very important in the iits It is very natural | 
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8ii|ii>ot.L tint the new iiiaii^emLnt of moleeiilfa, when imssing 
IVom the liquid to the isohii stat^, should occasion either an 
increase or diminution in volume We are not surprised when 
we find til it water, m fi-eQjiin^ disregards the law of coiitructiou 
bj cold, and that tlw nioleuuks arc not found so closely packed 



CHANGE OP VOT.UME BY flEVSTALLIZATiON. 

Bt^ether. in the new ftnd structural state, as when under the 
infliionce of cohesion alone. 
The force exerted by tlie luolecules iu changiog positions 
IIS as to bui'st ttic strongest vessels. Heuce our ee 
rtice-pipes are Imi-st when water is oliowed to freeze in thei 
e i-ocks are dislodged ft-oin tlieir resting-places in the nati' 
nany on the monntain-side by water getting into the crevices, 
, expanding year after jear, and pushing tlic rocks 
] Uieir 8iipfiort. Cast-iron and many alloys, such us tjpe- 
, exjiand ou solidifying. Sucii metals may be cast ia 
ce, iu expanding, Uiey fill all tlic miinite cat'itics of 
I mold. Most metals contract on solidify'uig. Hence gold, 
iMld copper coins require to be ataioped. Cost-iron, 
£n t)n4c«n, exhibits & crystalline ftactnre. Wrought-ii 
L uibjected to loug-coutintied jarring, — for instance, the 
I of oar-wheels, and iron cannon, — l>ecoines verj* brittle, 
i, IthOi broken, exhibits a veiy marketl crystalline frftcture^ 
1 It would not have shown before long use. It is probabla 
t the molecules of iron, when shaken up by the jarring, are 
e to arrange tbemselves in tlicir peculiar niL'thod, and that, in 
B new arrangement, the colieaive force is weakened. 

Is 35. What ia the cause of this ahnost universal ten- 
mcy of matter to crystallize? — "V\'e have no absoluta 
lowledge of the doings in tlic molecular world. But we have 
y satisfactory luetliods of judging. Anidogy ia the light by 
li we must frequently explore inaccessible space. We de- 
oine Uie laws that go\'ern large, tangible masses, and trom 
e we infer the laws that govern small, intangible bodies, 
^letailes. Let us adopt this niethotl in attempting to unravel- 
e mysterj- before us. 
Ixperiment 1. Take twn cmnbrit needles, and draw each a» 
I, from tlie eye to the point, over tliu samu euii of a magnet. Now 
Hpeml each neetlle by a thread, so that It iviU I>e balanced in a horl- 
%U] position. Bring the uye of one near the point of the other; 
u ijroughL ncur enu'iigli, tliey attract oneh other. Bring the point' 



28 MATTEB AND ITS PBOPEBTIBS. 

of one near the point of the other; they repel one another. Bring the 
eye of one near the eye of the other ; they repel one another. We thus 
discover that the relation of these two needles to one another is such, 
that if unlike ends are brought together they attract one another, but 
if lilie ends are brought together they repel one another. The opposite 
character which tlie ends of the needle exhibit is called polarity. 

Now brealt one of the needles into two pieces, and experiment as 
b(*f<)re. The two pieces exhibit the same polarity that the two nnbrol^en 
n(^c(ncH did. Breali them into still smaller pieces, and the smallest 
])i(*(*e tliat yon can obtain possesses polarity, as certainly as the original 
iKMsdle. Imagine the worli of division to be continued till the molecule 
is reached. Is it too much to assume that the molecule may possess 
polarity ? 

Kxperinient 2. Next, place a magnet beneath a sheet of paper, and 
sift iron filings over it. The instant they strike the paper they arrange 
th(nnsclv(?H in lines around the magnet (see Fig. 1G2, page 221). Gently 
tup tlu; pai)er, and they arrange themselves still more definitely. This 
n^nilnds us of the effect of jarring on the car-axle and cannon, where 
niol(»culos, once set in motion, tend to arrange themselves according to 
some guiding principle. Next, lay the magnet on a bed of iron filings 
(see pag(* 214), and then raise it. We find the filings clinging most 
abnndjintly to the ends, diminishing in number toward the middle. 

W(^ pass readily from these facts to conclusions respecting the mo- 
lecular arrangcnnont in the crystal. Only grant the supposition that the 
in()l(!ciil(? is endowed with something similar to polarity, and we can 
pictnn? to onrselvi'H the molocnles, like the iron filings, wheeling into 
line in ()l)ediene(; to tlicnr polar forces. Crystals are more easily cleft in 
Honu^ directions tlian in otliers : may not this be accounted for by 
supposing tliat , like tlu^ magnet, the attraction on some sides of the 
niol('cnl(? is greater tlian on otliers ? 

S 26. Hardness. — Name some metal that yon can scratch 
with a rin<ijer-nnil. See if yon can scratch a piece of copper 
with a piece of lead, and vice versa. Get as man}' specimens as 
possible of the following snbstances : tale, chalk, glass, quartz, 
iron, silver, lead, copper, rock-salt, and marble. Ascertain 
which of them will scratch glass, and which are scratched by 
glass. What term do we employ in speaking of those substances 
that are easily scratched? To those that are scratched with 
difficult}'? Which is the softest metal that you have tried? 
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Lfi haiilest? Which is tbe sofltir metal, iron or lead? Whiubi 
is the more dense metal? Does hartlacss depend upon den»ity7> 
What force must be overcome in order to aci-atcL a aiibstauceF 
When will one substance scratch another? 

To enable ub to express degrees of hanlness, the following 
le of reference ia generally adopted : — 

MOHU'S SCAI.K Of HARDNESS. 

. Talc. 6. Ortliiiylasu (Fe id spur). 

. Gypsum (or Bock-Salt). 7. Quartz. 

. Calcite. 8. Topaz. 

4. Fluor-spar. 9. Corundum. 

. Apatite. 10. Dlamoud. 

■ By cotnparing a given subBtancc with the substances in the 
ible, its degree of hardness can be expressed approximate ly by 
e of the numbers used in the table. If the hardness of a sub- 
B is indicated by the number 4, what would you understand 
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§ 27. Flexibility. — Such substances as may be bent, or admit 
of a hinge-like movement among their 
molecules, are caMed Jlexible. What 
lifference have you noticed in dilTer- 
jack-knife blades ? How can you 
soft blade fi-ora a hard blade? 
If you bend a stick, as in Figure 11, it ia apparent that the 
molecules on the upper side must be separated from each other 
a, little farther than usual, and that they must have slightly 
rolled round one another, while those on the under side must 
crowded together more closely than usual. On the other hand, 
the molecules in a glass rod have fixed relative positions which 

IWUl permit very little disturbance, 
[ §28. Elasticity. — Obtain thin strips of the following sub- 
banccs; rubber, wood, ivory, whalebone, steel, brass, copper, 
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iron, zinc, and lend. Streteli the piece of robber. What change 
in its molecular condition must occur when it is stretched? 
What molecular force causes it to contract when the stretching 
force is removed? Compress the rubber. What change of 
molecular condition takes place in compi-ession ? What force 
causes it to expand when the pressure is removed? Beud each 
one of the above strips. Note which completely unbends wlien 
the foreo is removed. An'ange the names of these substances 
ill the order of the i-apidity and completeness with which they 
unbend. 

What change takes place among the molecules on the concave 
side of the bent stiips? What, among the molecules on Uie 
convex side ? What two forces are concerned in the unbending? 
Twist the coi-d of a window- tassel. What causes it to untwist? 
The property which matter possesses of recovering its fonner 
shape and volume, aller having yielded to some force, is called 
elasticity. To what forces is elasticity due? Does all mat- 
ter possess this property iu the same degree? Does the rub- 
ber possess tlie same ability to laibend, as to conti'act after 
FiE \i being stretched? In what four waj's have you 

tested tlie elasticity of suljstances ? Does a sub- 
stance possess equal i>ower of recovering its form 
after yielding to each of these four methods of 
appljing force? Why are pens made of steel? 
Wliat moves the machinery of a watch? What 
is the cause of the softness of a hair mattress or 
feather-bed ? 




n spriug-balance nsed for weigliing cmju- 
sists of a steel spriug wound liito a coil. Tbe weight 
of the body to be weighed "tralgbtens or draws oot 
the spring. A p I t m pi t which Is 

divided into equal parts shows how h tl i lug h b en drawn 
out. But the entire virtue of this pp t It tb elasticity 

of the spring, or its power to reco t 1 al f m Iter being 

drawn out. Give other illustration f !h [ plicatl n f elasticity 
to practical purposes. 
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' Any alteration in ttie form of a liocty due to tlie ai)|il ligation of 
a force is called a strain, and the force by which the strain \» 
procUiced is called the stress. A btxiy which, having exptTicnced 
a sti-aiii due to a certain sti-ess, completely recovere its original 
condition when the stress is removed, is said to be perfeetl^ 
ehistic. Liqnids and gases aiB peiicctly elastic (see S 4^)- Solids 
ai-e i>erfi.'ctly elastic up to a certain limit, which vaiies greatly in 
difTereut sulistanc-es. If tlie sti'css exceeds a certain limit, the 
form of tbe solid becomes permanently altered, and tlie state of 
the body, wlien the permanent alteration is alxmt to take place, 
is called the limit of perfect elasticity. In soft or plastic Iiodies 
this limit is soon reached. What is the result of overloading 
carriage spiings? 

1529. Brittlenesa.^ Apply sliarp blows with a hammer to 
:h of tlic substances whose hardness you huve tested (§ 25), 
and ascertain which are the most easily broken or pulverized. 
Observe that some substances suffer a iiermanent change in foi-m 
when subjected to a stress which exceeds their limit of elasticitj-, 

Idle otliere break before there is any permauent alteration 
an. The latter are said to be brittU: 
§30. Viscosity. — Support in a horizontal position, atone 
its extremities, a stick of seatiiig-wax, and suspend from its 
e extremity a small weight, and let it remain in this condition 
several days, or perhaps weeks. At the end of the time tlie 
slick will be found permanently bent Had an attempt been 
made to bend the stick qincklj', it would have tteeii found quite 
brittle. A body which, subjected to a stress for a considerable 
time, suffers a iiermanent change in form, is said to be viscous. 
Hardness is not opposed to viscosity. A lump of pitch may be 
quite hard, and yet in the courae of time it will flatten, itself out 
by its own weight, and flow down hill like a stream of synip. 
Liquids like molasses and boney are said to be viscous, in dis- 
m "tinction from limpid liquids like water and alcohol. 
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§31. Malleability and ductility. — Some substances pos- 
sess, in the solid state, a certain amount of fluidity ; that is, 
their molecules may be displaced without overcoming their cohe- 
sion. Place a piece of lead on an anvil, and hammer it. It 
spreads out under the hammer into sheets, without being broken, 
thougji it is evident that the molecules have moved about among 
one another, and assumed entirely different relative positions. 
Heat a piece of soft glass tube in a gas-flame, and, although the 
glass does not become a liquid, it behaves very much like a 
liquid, and can be drawn out into ver}- fine threads. When a 
solid possesses sufficient fluidity to admit of being drawn out 
into threads, it is said to be ductile} When it will admit of 
being hammered or rolled into sheets, it is said to be malleable. 

As might be expected, those substances that are ductile are also mal- 
leable. But the same substance does not usually possess the two 
properties in an equal degree. Platinum is the most ductile metal. It 
can be drawn into wire finer than a spider's thi*ead. It is the seventh 
metal in the rank of malleability. Gold is the most malleable metal. 
It can be hammered into leaves so thin, that it would require 300,000 
to make a book one inch thick. It ranks next to platinum in ductility. 
Iron, at a red heat, is very malleable and ductile. What metals can 
be drawn into wires ? What metals can be rolled or hammered into 
sheets? 

§ 32. Tenacity. — In order that a substance may be ductile, 
it is evident that it must possess a strong cohesive force, so as 
to prevent rupture. The power that matter possesses of resisting 
rupture, b}' a pulling force, is called tenacity.^ A body may be 
tenacious without being ductile^ but it cannot be ductile without 
being tenacious. It is remarkable that the tenacit}' of most 
metals is increased by being drawn out into wires. It would 
seem, that, in the new arrangement which the molecules assume, 
the cohesive force is stronger than in the old. Hence cables 
made of iron wire twisted together, so as to form an iron 

1 Ductile, draw-able. » Malleable, as it were mallet-able, 

8 Tenacity, property of holding. 



ADHESION. 

le, are stronger than iron chains of equal wciglit and length, 
1 are much used iustcad of chains, where great strength ii 
Xjuired. 

§33. Adhesion. — Grasp with jonr Bnger a piece of gwld 

af. and, honest as yoii may lie, it will stiok to ,voMr lingers ; i 
fW not (h-oij otr, it cannot be shaken olf, and to attempt to put 
ftoff is to increase the difficulty. Dngt and dirt stick to clothing. 

irtist your hand into wafer, and it comes ont wet. Yon caa 

Folimb a iKiIe, because your liands stick to the i^ole ; bat if th 

|iolo is greased, climbing is not so easy. We could not pic 

iiiiylliing lip, or hold anything In our hands, were it not tha 

these things stick to the hands. 

E^•ery minute's experience teaches as that not only is there an 
live force between molecules of the snnip kind of matter, 
Igit there is also an attractive force between molecules of unlikd 
That force which causes unlike snbstai 

fcther, is called udhesion. Is adhesion a molar or a molecular 
How does it differ from cohesion? Why do not gold 
watches, and other articles of gohl jewelry, appear to stick to 
the fingera? What keeps nails, driven into wooti, in their places? 
What would happen if all udhesion between the dilttTcnt parta 
of the building you are in should 
be suddenly desti-oyed? When a 
liquid sticks to a solid, what term 
do we usually employ in deticiib- 
ing the jjlienomenon ? 




Suspend a plate 
Of gUss, about SI™ sqaarc, from one 
scale-lieam, attaching tlie 
llic plate with scnlhig- 
Vtx. Balance It, and place a di.sh of wntcr iindtr Ihc trln>?, !><i tli 
niidcr surface will just touch the snrface of tlio water. You may 
iirtw fl<ld several grams' weight to the other side of the beam wltlioiitj 
liuslroylng the bahince. Fuiatly. the glass is aiiparently pulled away' 
AtHU the water. But on cxamiuatlou you will llud It wet, so that you ' 
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have really succeeded, not in separating the glass from the water, but 
water from water. Then the weight that you were obliged to add does 
not measure the ailhesive force between the glass and the water; it 
merely measures the amount of force necessary to tear the liquid apart. 
The same force was not sufficient to tear the liquid from the solid, 
hence we infer that the adhesion between a solid and a liquid may he 
greater than the cohesion in the liquid. 

Glass is wot by water, but is not wet by mercury. Is there 
no adhesion between mercury and glass? 

Experiment 2. Substitute mercury for water in the last experi- 
ment. As soon as the glass touches the mercury a slight adhesion 
occurs, which can be measured by the weight required to be placed in 
the opposite scale-pan in order to separate them. 

It is i)robable that there is some adhesion between all substances 
when brought in contact. If a liquid adheres to a solid more. 
Jinnly than the molecules of the liquid cohere^ then will the solid 
be ivet bif the liquid. If a solid is not wet by a liquid, it is not 
because adhesion is wanting, but because cohesion in the liquid 
is stronger. That gases adhere to solids is proved by the 
phenomena of absorption described in § 36. 

QUESTIONS. 

1. Why will not water wet articles that have been greased ? 

2. Why is it aiftlcult to lift a board out of water ? 

3. Why does water run down the side of a tumbler when it is 
incliued, instead of falling vertically ? Suggest some method of pre- 
venting it. 

4. In what does the value of cement, glue, and mucilage consist ? 

5. What enables you to leave a mark with a pencil or crayon ? 



§ 34. Capillarity. — Examine the surface of water in a goblet. 
You find the surface level, as in A (Fig. 14), except around the 
edge next the glass, where the water is curved upward so as 
to resemble the interior surface of a watch crystal: Mercury 
})lacod in a goblet (B) has its edge turned downward, resembling 
the exterior surface of a watch crystal. This seems to indicate 
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CAPILLARITY. 

rrepulsion between mercury and glass. But a prpvioos experi^ 
ment (page 34) lias sliowu Ihat, iusteail of ivpuUiou, tlieie ii 
slight adhesioD between 
tliese substances. 

Pour any liquid on a 
level surfat'e which it 
4pes uot wet, — e. 3., 
paraffin e or 
tnercury on 
^'glaas. It spreiuls itself 
OTOr the surface, but the 
edges are eveiy where 
rounded or turned down 

hke the edges of mercury in a goblet. Suiely tliese rouade<1 
edges ai'e not caused by the repulsion oF the sides of a vessel. 
Tlie edges of all liquids will be turned down unless tlic adhesion 
them and the sides of tlie vessels exceeds the cohesion 
the liquid. The glass does not cause the turning down of 
surface of mercury in tUe goblet, — it« tendency is rather to 
prevent it. 

Thrust vertically two plates of glass into water, and gradu- 
ally bring the suifaces neai- eacli other. Soon the water 
itween the plates, and rises higher as the plates are brought 
Thrust a glass tube of very fine bore into water ; the 
LPtion within it, on all sides, will raise the water to tvrice the 
;bt it would roach when between two plntes whose distant* 
is equal to the diameter of the bore of the tube. Thrust 
tube of tlie same bore into alcohol; this liquid 
ibe, but not so high as water. The surfaces of both the 
id the alcohol are concave. If the tube is placed 
mercury, the opposite phenomena 
iressed, and its surface is convex.' Both ascension and 
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lepression diminish as the temi^erattire increiisee, being greatea 
at the freezing point of the given liquid, and least at its boilin 
point. Both ascension and depression diminisli as the temiierfl 
ture inci-easee, being greatest at the freezing point of the Uquic 
and least at its boiling point. Inasmuch as the [thcnomena ai 
best shown in tubes having bores of the size of hnirs, tliey a 
-in snch cases called capiUai-y ' jAenomena, and the tubes a 
LgBftlted capillary tubes. 

■ The phenomena of capOlarv action are well shown by placin 
f Fk'. 1... vaiious liquids in U-shaped ; 

tubes, having one arm reduced to i 
capillary size, as A and B in Figun 
1 5, Mercury iwured into A assm 
convex surfaces in both arms, ' 
does not rise so bigli iu the sm^ 
nnn as it stands in the large arm 
Pour water into B, and all the pht 
iiomena ai-e reversed. C is a glaa 
tube containing water and mercury 
showing the slinpcs that the surfaces of the two liquids tak( 
Generalizing the above facts, we have the four laws of capH 
(ttry aetion: — 

, Liquids rise in lubes inhen tliey wet (ftem, and are depre 
when lliey do not. 
Tile ascension or depression varies inversely as the diamet^ 
of Ike bore. 
. The ascension and depression vary ivith the nature of th 
substances employed. 
The ascension or depression varies inversely tvith the tempt 
rat are. 
Illustrations of capillary action are abundant. It feeds ib 
mp-Haine with oil. It wets the wliole towel, if one end is lei 
r a time in a basin of water. It draws water into wood, ani 
suscs it to swell with a force sufficient to split rocks, and ti 
5 lai^e weights. How does a little water in a wooden tal 
revent its falling to pieces? 

' Ciipillary, Tinir-iite, 




^■^ BOLUTION OF fiOLIDS. 

^^LS35. Other taoleonlar phenomena. — Besides the pb» 
^^■BDeaa we have ju8t studietl, there are a great many olhcrt 
^^niending in part on molecular attmction. but nmeh more on th9 
^^Bolecular motions, of which we learned in S 5, page CS. MaujF 
^^Bf them are quite Tamitiar and important ; but tlie cspianatioS) 
^^pen wlien it can be given, is usually complicated and in 
^^Het£. The principal names given these phenomena ore MliUioUt 
^^Kpsorptiaii,, and diff^itsion, 

^^M^X. Solution of solids — (J^'ifids mamly on molrciiln 
^^Ktrttc^ion. Hold a lump of sugar so that it will Just touch tU 
^^Birfacc of water. Soon water is dmwn up into tlic pores of tbi 
^|pmp by- capillary action, and the whole Innip, ini.'luding tl|a 
i part not swbmei;ged, becomes moist. Nest you discover thati 

the lump becomes smaller, and slowly disnpi)ears in tlie water. 

II When a solid becomes diffused through a liqnid, it is said td 

I^H^ diaa<^ved. The dissolving liquid is called a anlveut, and tbi 

^^Bsulting liquid is called a aolntion. A liquid wilt dissolve i 

^^Kl/d, only jchen the aclkesion beticeeu them in greater l/uin thi 

11 eeJiesion (« the iioUd. A liquid always dissol^'cs a solid mor^ 

rapidly at Urst, less rapidly as the adiiesion l>ecomes more nearly 

aatislied; and when it is completely satisfied, or is balanced by 

e cohesion in the solid, the liquid will dissolve no more of thg 

felid, and the solution is said to l>e mtumted. When a solution 

■ill take much more of a solid, it is said to be diliUe ; an 

fncenlraCecU when it will lake little or no more. 

Ilf the solid be first pulverized, the liquid has more surface o 

jiich to act, and the solid is dissolved much more I'apidl.Vj 

Beat genemllii weakens cohesion more than it ireakens oilhesioti 

Ince, with few exceptions, hot liquids dissoh'e solids mon 

^idlv and in greater quantities than cold liquids. Boilin( 

Mter dissolves three times as much alum as cold water ; consO' 

quently. when a hot saturatjad solution of alum is allowed U 

cool, at least two-tliirda of the alum must be restored to thi 

^^^lid state (see Exp. 1, page 25), while one-thu'd, or the amouB 
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that the cold liquid is capable of dissolving, remains in solution. 
The remaining solution is called the mother-liquor. Lime, and 
a few other substances, are dissolved better in cold water. 
Crystals of such substances are onl}' obtained b}' gradual evap- 
oration of the solvent. 

Water is the great solveut. When we speak of the solubility of a 
substance, water is always understood to be the solvent, unless some 
other liquid is specified. Why is it fortunate that water is so good a 
solvent? Name substances that water does not dissolve. Of the 
many substances insoluble in water, some, as phosphorus, gums, and 
resin, find a solveut in alcohol ; sulphur, in bi-sulphide of carbon ; lead, 
in mercury; and fats, in ether or benzine. Would you wash var- 
nished funiiture with alcohol? How are grease-spots removed ft-om 
clothing? 

§ 37. Absorption of gases by solids — depends mainly on 
molecular attraction, and is generally superficial. Certain solids 
possess so strong an attraction for gases that thej' not onl}' draw 
the gases into the small cavities or holes within them, but greatl}" 
condense them there. It should be carefully noted that the 
attraction in this case is generallj' between the gases and the 
surfaces of cavities, and is hence called superficial, in dis- 
tinction from intermolecular attraction, which is the name given 
to the phenomenon when gases are taken into the pores of a 
body. 

Fre8bly-l)urned charcoal placed in dr}' air, ma}', in a few da3'S, 
have its weight increased one-fiftieth in consequence of the air 
that it absorbs. (Has air weight?) The attraction of charcoal 
for noxious gases is especially great, making it verj' efficient 
in cleansing the air in hospitals, and in removing noxious 
odors from j^utrid animal and vegetable matter by absorbing the 
foul gases that are generated. It does not check decay, but 
rather hastens it. A rat, which had been buried in charcoal 
dust, was uncovered at the end of a month ; nothing visi])le was 
left but the hair and bones, yet no bad odor was perceptible. 
Why do farmers mix muck with manures? 
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|| 538l Absoirption of gftsee byliquida — tlcpeiids 
ular attnictioH and motion, and t'g hUet-molecuiar. Water, ai i 
tenipei-atiire of 0° Cen., is capable of coiidousiug in iU jxirt 
six hundred times ita owu bulk of ammonia gas. WakT tlia 
charged with this gas ib called " ammonia water." Tbo amouiV 
of gas tliat a liquid will absorb ia increased by pressure. ■■ Sodi 
water " is simply water saturated with carbon ioac id gaa imda 

|>at pressure ; it contains no soda. Whc-n the pressure i 
noved.' a lar^ part of the gas escapes, causing etferro* 
... 
139. Free division of liquids — dependa mainly o 
n, — Experiment 1. iLto a te^t-tube coDtaining 30'™ of 
pour about S™*" of oUve-oil, and shake. By shafchig. the oil heconM^ 
divided into small particles, which gii-e the water an opaiioe, mllkjBj 
white appearance, but It Is not separated iiitA its molecules. Aftof 
standing for a few mlnuteB, the oil almost completely separates fron 
the water, and rises to the top. 

Experiment 3. Partially flU a glass jar (Fig. 16) with w 
hitroduec beneath the water, by means of a long tunnel, a ei 
elation of sulphate of copper. The lighter Uqiiltl ^.^ ju 

'■'i upon the heavier, and the line of separation ' 

n the tno Iltjiiids is at Qrst distinctly marked. 
i In the coarse of days or weeks this line will 
gradually become obliterated, the heavier blue Utjuiil 
will gradually rise, and the lighter colorless lii|uld wW. 
descend, till they Ijecome tlioronghly mixed. 
J Experiments. Take about 1"" of blsulpliide of 
I, color It by dropping Into it a small particl.' 
Klodlne, and pour tills colored solution Into a test' 
! nearly filled with water. The colored liquid. 
Sing heavier than the water, sinks directly to tiie 
hotlom, and shows no tendency to mix with the water. But, In t 
course of time, you discover that tlie colored liquid diminishes lii 
qOButitf, and Anally disappears. The peculiar odor of this substancf 
^"fcich pervades the air In the vicinity sliows that a considerable poi^ 
2vat)orated. But it must have worked its way graduoili 
PDUgli tlie water above it. 
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If, during tlie operation of difliision in the last two esiieri- 
Fments, you cxnmiue the liquid with a microscope, jon will not 
} -be able to tiace aiiy currents ; heuee tiie motion of liquids in 
diffusion is not in mass, but l>_v molecnles, — a ^ind of inter- 
mokoiilai- motion- We learn that some Uqnids. even when 
Btirreii together, will not remain mixed ; while others, whose 
densities are vei"y different, when merely placed in contact witb 
' each other, slowly mix of themselves. 

g 40, DlffkiBJon of liquids through porous partitions, 
I — OemoBe, ^ Dialysis. — Verif complex. — Experiment. 
I -off the bottom of a couical'-shaped bottle' (or, better, use a gloss tan 
nel or lamp-chimney) ; lit to the neck of tb 
bottio a cork, having a glass tabe pnssii 
tlirough«(Fig. IT). Tie ttghtly over the b< 
.1 a pivee of gold-ljcater's sfein or pare 
nt paper. Fill the bottle with a codm 
trated t^olutlou of sulphate of copper, ai 
pretjstlie cork iuto the bottle so that ibcUqtd 
1 ^tau<l n little way up the tube, say at « 
;ow suapeuil the apparatus lu a vessel a 
ter, so that the bottom may be coverei' 
III less than on hour it will be fouud that tt 
liquiil has riseu in the tube, ithowlug tbi 
ter must have passed through tlie septum] 
and mixed with the solution. Esamluc t 
ter iu the outer vessel, and you will fli 
that It is slightly tinged with tlie blue vitriol 
allowing that some of the HolutloD has a 
passed through the septum. But the Hqol 
lias risen In the tube, showing that mi 
he water than of the solution has passe 
hroufli the septum. 

When liquids or gases force their wi 
through porous septa, and mix with each other, the diffusion 
(.■ailed osiii'ise." To distinguish the two opposite currents, tl 
flow of tlic li(jiiid or g!ia towards that which increases in volim 

I, Bection B. * Bf^iura, partition. ' QtmatQ, impuUe. 
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|-c&lleii eiidosmose,^ aud the opposite current ia called « 
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^t 13 Touinl that erystallizable §iibstance8 are the best stihjcct^ 

f umuose, wliile tlioee which are iiauallj aiuorphoiis. siii-b i 

B^lattae utid giimiiiy substAiices. are very little ioclinetl '■ 

Those substances tbat pass readily through septal 
e called erystulloidii ;^ those that do not are called ojlhidn.* 
i The iirinciple of niie<iiial diffusihtlity of liquids througli septa ] 

8 important applioatioo in chemical 
bid phanuaceutioal laboratories. For , 
example, from a rod (F^. 18) is sus- ! 
[>eD(ie(l a glass vessel having a bottom 
of parchment paper. Such a vessel is 
Uled a tlialt/zer. Ip the dialyzer is 

m1, for iustance, the liquid contents I 
I the stomach or intestines of a dead | 
bimal, sns|)ected of containing so: 
, and the vessel is lloat«d iu 
»8el of wat«r. It eitlier arsenic 
^ehniue is present it will separate from I 
t albuminous matter in the food, and 

B through the septum into the water. The process of sep- 
ing mixed liquida by osmose is called dialysia. 




I }^ Free difflision of ^asos — depends almost v-fmUy c 

iOleculnr motifn. — Esperiment. Fill a test-tnbc with osygcn gu, 

1 thrUHt Id a lighted splinter : the splinter hiinis much roort rapidly ^ 

n lu the Btr. Fill another tahe with hydroKun gas. and keep th* 

» invert^Ml (for. this itas Ix'iug about sixteen timea lighter titan ^r, 

^n-Ulbeuodangerof ila fftlliiigout). Thrnst innHghtodsplinteri I 

|e gas takes Are, and boms with a pale flami; at tlm inonih of the tube. 

QC tube with oxyEen and the other with hydrogen gas, and ' 

Ihc month of the latter over the mouth of the former, as in 

fel9. In atwnt a minute apply a lighted splinter to the month of eact^i 
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tnbe (let llie mouUi ol eacli lube he freely open to prevent accident) j 
a alight explosion takes pUee !□ each Instance. It Is apparent Uiat 
altbougli the osjgeu gae \a gixteen times heavier tbau the hydrogen, 
Bonie of it has risen into the upper tube, while some of the lighter 
liyclrogL'ii has deaecnde*! into the loner tube, and the two gase 
become dillViacd. 



Many paira of liquids do not diffuse into each other, but eve 

gas diffuses into every other gas, &nd it is impolisih\etopreventt^ 

gases from mixing when placed in coiita< 

^^^^^^^^m (I'' '^^ thought l}cBt to introduce the subject 

^^HB^^^^I ilitfusiun of liquids and gases in tliia plac 

^^H^^I^^H though it lias little or no connection with t 

^^H^^I^^H suLjeet of adhesion. The explanation 

^ ^^I^^I^^H 'hffusion must be deferred to its proper pla( 

I ^^I^H^^I ''^ ^^^ chapter on Heat, page 158.) 

I 



In couaequence of this universal tendency ' 
dlShsion, gases will not remain separated, — i.t 
a lighter resting upon a heavier, as oil rests upt 
water. This is of Immense importance in tl 
economy o£ nature. The largest portion of a\ 
atmosphere consists of a mixture of oxygen ai 
uitrogen gases. There are always present ah 
-mall quantities of other gases, Buch as corbonl 
aeld gas, ammonia gas, and various other gase 
which are generated by the decomposition t 
organic matter. These gases, obedient to gravt 
alone, would arrange themselves acconUng ' 
their weight, — carbonic-acid gas at the bottol 
r nest the earth, followed respectively by ox 
gen, nitrogen, ammonia, and other gases. Neither animal nor y^etab 
life could exist In this fitate of things. But, lu consequence of tbe 
dllhislhility, they are found Intimately mixed, and in the same reltrtt^ 
proportions, whether In the valley or on the highest mountain peak. 
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§ 42. Diffuaion of gases through porous partitiona 

depends on the size of molecides, eixe of pores, and on molecul 
motion; very complex. 
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'Expetinent. Take a thin, miglazod eartlit'n cup. »ucU as is ii 
BnnseD's battery (page 190), and plug up thv open fij;. SO. 

end with a i^ork tlirougli wLlcli extends a j^lase 
tube. Place the exposed end uf tlie tulK In n dip 
(if colored water. LBwer » glass Jar. HUed witli 
bydnigen or coal-gas. over tlie porous cup, as in 
Figure 30. Instantly air Is forced down Ibrougli 
the tube, and escapes Id bubbles from the colui'i'd 
UijQld. The gas in ttie lai^er vessel farces it» way 
through the pores of the cap. liimisefi ItaeU in tlic 
air contained In it. and causes an unusual prcssui'i: 
on the colored liquid, as Is evinced by the air tliat 
ifl forced out through it. In a minute remove thf 
glass jar. The hydrogen now escapes through thv 
Sides of tbe cup, and mixes with the uir on the uut- 
K partial v&cuuui Is formed In the cup. and 
lises Id the tube. In both cases air passed 

lUgh the sides of the porous cup. but the Icitliix 
imi) efflux of hydrogen was much more rapid. 

An interesting modification of this apparatus is the iH^ti'tim foun-\t 
lain (Pig. 21). By passing the glass tube of the porous cap throa;;h' | 
tbecork of a tightly-stopped vessel, and hav- 

auol.lier glass tube pass through auotliL-r 

Foratton in the same cork, water is fortfd | 
jet several feet In hight. whi-ii il 
iydwgen jar is held over the porous cup, 

Cliildren well understand that toy bnlluiiii 
which are mode of collodion and filled "if 
coal-gas. collapse In a few hours after Ihcv ui 
Indalcd. This Is caosed by the cscapt; nC U 
gas by osmose. Nature furnishes an ilhisli'; 
tinu of o.sniose of gases ill respiration. In H 
liingB the blood is separated from titc air V 
till- thin, niembranous walls of the vein. 
Carbonic-acid gas escapes from the blood through these s 
u^geu gas eaters the blood tlirougli the same septa, 
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IV. DYNAMICS OF FLUIDS. 

1 43, Bquilibrium, pressure, and tencdon. — That branch 
of MiU'tuH*, wliicli treats of force and the motions it produces is 
^alli'^1 tLifiuimicH, it has been shown that force may act on a 
SnAy \Ai pro(lii(;e motion or rest ; also that two or more forces 
umy m} twi on a Ixxly as to neutralize each other's effect. In 
i\w. UiiU'V (?ftM<!, tli<5 })ocly continues in the same condition, either 
of motion or njMt, us if it were independent of the action of the 
Ittvvt'H^ \mi\ in Hiiid to be in equilibrium^^ and the forces acting 
on it, lire uIho Hiiid to ))o in equilibrium. Inasmuch as no body 
i*: t'M-r tvi'M from tln^ lurtion of force, it must be that a body at 
'/U'fil Ih in n. Hhifc of t'.quilibri'iim. 

\t uny |)orl,i()n of a force is not effective in producing motion, 
- /,/'., if jmrt or all of it is exerted against other forces, — there 
Uiuy vi'nwM wlijit is (billed a 2)^'e8sure on the body; as when we 
jHihli on u wall or on a heavy sled moving over the ice, or a 
\itnt\i pH'Hrti's i\w. table. Or, if the force is exerted on a body 
in wliicli the molccnilar attraction is strong, — i.e., on a solid, — 
we may liavi; a pull or leimion^ as when we hang in a swing, or 
lianjj; a Ht^>n<; from a rul)}>er ])and. (Name the force in each of 
tlieHc^ (!aH(*H thai t(MulH to produce motion, and the force or forces 
that tend to bring the l>ody to rest.) If the body under the in- 
flucince of a force maintains a uniform velocity, we may measure 
the force by the pressure (or tension) exerted^ or may measure 
the pressure by the amount of the force^ whichever may be more 
convenient. The case of uniform velocity includes the case of rest. 

1 Equllibriuin, equal balance. 
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§ 44. Pressure in fluids. — It ivill be eoen that, with tbe 
excL'iition of the phenomtiiii of capillarity aiid those occasioni 
by difffxeiice in compieasiljiUty and expansibility, liquida oim 
c govcrued by tlie same laws. Wu shall, tlit-refon'. Im 
n t<^cUioi-, in so far as tliey aro alike, under the uomnioa Uurm 
Itjiwid. 

I It should be borne in mind that we are placed on the bonier* 
E Iwo oceans. A waUery ocean hoitiei-s our land ; an aerial 
ean. which is culled the atniospliei'e, surronnds us, Every 
plecnle, in liotli tbe gaseous and liquid 

i tile earth's centre by gravity. This gi\es to both Dnida 
town ward pressure upon eveijthing upon which they rest. 
r THfe gi'avitating power of liqnids is everywhere apparent, E 
in the fall of drops of raiu, the descent of inonntain streami 
the [wwev of falling water to propel machinery, and the weight' 
_of watiT iu a bucket. Bat to pro\e the downward pressure ol 
p requires special experiments If we lower a pail into Mi 
I, it fills with water, but we do not percei\e that it liocomea 
^Vter thereby ; the downwaid prtsauie la not fdt But 
b raise a pailful out of the nntti, itsiiLldiuh Imouies hiiivy, 

e could raise a pailftil of an out 
I the ocean of air, might nut tin 
ightof theairl>ecomeperi.L|itililL ■' 
edive to the bottom uf a. poiul 
■ vater, we do not feci the wti^ht 
I'the pond resting upon us ^\ i- do 
t feel the weight of the almo^phl^ ii 
a resting nixjnns; but ml should 
femerober that our situation with ref- 
erence to the air is like tliat of a 



divet 



iv'ith reference to wattr. 




^^B8s bottL 

^EbUy ovc 
^^Bu water 



KKpcrlment 1. Fill two glass jars (Fig. 22) with water, A having 
bottom, fi a bottom provldad by tjlng a piece of slieet-rabbi 
the rim. Invert both tn a larger vessel or 
A tloes not feel the iloivuwaril pressure of the air directly' 
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Bli'ivi.- It., tl»R preNHurc being )iD<itaiEi«d by tbe rfgtd $bss bottom. Bat 
It. Iixllrttclly leetn Ibtt prcHsure of tbe air on the surface of the water bi 
IIh' (f[ii-it vuHHfl, mill It 1h tlilH pressure that Aostalns the water to tbe 
>itr. Hill till- nil'liur biittom of tbe jar B rtelds somewhat to the 
(liitvtiwnni piruHHiiru of tlic air. and I^ forced [DKard. nntU it is bal- 
Hii>-i'<[ hy the iiiiwarO prcHHure of tlie water, plus the tension of tlie 
riit>lifr. 

ThIk' n ifliLiH mlxt I), I"' long, having a Iwre of i~ diameter. Cov- 
i>rliii£ 'iiii' <']i<l with a linger, till with water, and inrert in C. Yon feel 
till- wiluM of llicr nlr pruBslng jour finger against the tabe. Beinove 
t)i<' fliiifir ntid till' wiLtcr In the tube at once siuiu to tbe level of tite 
nnliT 111 tlic vr.*"*)'] I.', Iiucaii»i<: tbe downward pressure of the air on the 
i''iliiiiiii iiC u'lil'T, t'liiH tlie wclgtit of tlie column of water, is greater 
llinii llii> iipivnril pn^HKiiru. In every Instance we find that tbe down- 
iviinl jiri'iuiifornlr kIvi'h t\w to an upward pressure In tbe liquUl. Id 
IIiIm ri'«p..-ri MiiIiIh illiriT widely from solids, whose molecules are so 
fli'iiilv li''l<1 toi^i'llier tliiit, when one part la pushed in any direction, 
l.linl'|>nrl iIhieim tin- ri'M, witli it. 

Wi' liiiti' iiiriMiiiti'il Tor wBt4.'r l>elng sustained in tbe vessels A, B, 
Hill) l>. ti.v III) ii|in'nnl iiniNNiire iiroihiccd by the downward pressure of 
tlii'iiir. liiM'u ilili iloivnwiinl prvHsnrc create an upward pressure In 
ni.. If tlic vi'ssi'lH are lifted out of the water, the 
iviili-r ivill not full out? 
l';«piTliiii'tit 2. Keeping the finger pressed on tbe 
nil i>r I), riilse It hloniy and vertically out of tbe 
ivnIiT. Tliif wU.T does not fall out. Why? Slip 
II ililii gliiss plnU!, or 11 piece of thick pa.'<teboard, 
iiiKti'r Mil' iiioiilli of A, and. pressing it against the 
iiioiilli, nilHc: tin'. H'SHel carefully out of the water, 
iiiKl ri'innve the linii.l from the plate. The water 
il'ii'H mil. full oiK. nor dncH the plate fall. Why? 

Kxiiprliiient .'t. I-'orcu a tin pail (Fig. 23), having 
1 li'ilc ill lis tioi.i.oni, as fur as poKnible into water, 
ivIlliTiiii, iillii«lii;r niiliT til cMti'r III. the top. A Ntreain of water spurts 
llir'iiii;1i Ihi' h'lli'. Why? Why does it require »o much effort to 
fill''!' Ilii- pull il'nvii liilii the vvtilcr? Doe^ downward pressure cause 
II liili'iiil iJivssiiie'i' 

KxiKTliiient 4. Miike lioleri. at ililK'ri'ut ilcptliH, tti the side of a ves- 
sel (Fig. 24) coutiiinliii.' water. Wntcr issues In streams, with consld- 
erat)le force, from the orifices. Why? 

KxpcrliiiQiit .'>. BlU'.l a piece of thin sheet-rubber tightly over a 
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PEESSUllE ISCHEASES WmT THE DEPTH. 



tn (liObrcnt poalltons. 




Ue-moQthed bottle, aiui place It in iv 
uterer posltluu tlie 
is plated, tlie mb- 
prcsecd inward. 
lexsoli does tliia 

Experiment O. The 

Madpyliurg litinUpheres 
9\g. 25) are two liemis- 
'^Tlcal caps, liavlug 
I edg«B mode einuolfi 
air-tight" 
t placed in contact 
ii cup U provided with a iiandle. One ol the handles cnuHtdts of] 
V parts, a stem and a rinf^, the twu partM iH'iiig connected by a 
le etetn lias a bore passing through It, and a stop-coch, 
I regalat«s the passage of air through the bore. 
« Uie lips of the cups in contact, remove llie ring. I 
r die stem to the plate of an alr-puinp, and exiiaust I 
|( air from the sphere; then close the stop-cock, c 
e tlw ring- Now two boys grasping the rings, a 
Iding the sphere in any position they choose, cuu only | 
b great dlfficultj pull tliem apart. Why? 

nuse themselves by lifting bricks (Fig. 211) witli 

a circular piece of leather, moistened anil | 
I pressed against the snrface Of the brick, sc 
o eaelude the air. The pressure of air agiii 
I the leather binds It to tJje brick In wlifttc 
I position plated. 

We coiicliKle that gravity catises pre 
ofjlriid ill, all difei:tions. 




mi 

etc 






S 45. PresBure increases with the depth. — In the ex- \ 

iiuent with the vessel with aiierturts in its side (Fig, 24), 

ftiMl that the ileei)er the orifice, the farther the stream is pro- I 

icted. And in the exjieriment with the witle-monthed bottle I 

■ered with rublier, we find that, at the same deptli, the rnb- J 

pressed inward equally in all <Urections, but, as it ia car-f 

to greater depths, the pressure is increased. 



^^i«d togr 
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■X' I z'oi^'^ -vv vnc '.a tiw form reprersenteil by n, 
f ■!;— :; -:ie j"v"r jarr -it clie ml>e. ■»> il* ti> All llie 
^;>n ini. lu: iraiiiiallf Wirer Che nitw into & 
■ii'^'; -■■i-H". -t T:i:fr. Tlw ilowntranl pres]Mire 
-t -'zi- ■^ir^tt-.'l t r-if till? nwrcury up the long 
17-- ■•- L -^u: ;p>c<.'rTioG;il m tlw depth of the 

» -16. Pressure at any point in a fluid 
ei^^Al ii all directiona. — Experiment 1. In- 

=r->:-:--ir iZ'iiUn-'r r^ v. oun^ainiDi! mereun-, of the 
;-7u:7«yre*^z:Ai'iy '. FUrure27; Lower Iioch tubes 
~ -'^AZ '.'^ ■:.-'.t-:v< '-=. '±e water shall be at the 
■ia:::.- '.-'^;'.. 12-1 1: "ill 'i.; f.-uoil that the downward 
■; *iiT.;ril r~*!i-;rw 1= '■■ wUI toree Che aiercary to the 

■ - ■■■• .>= ' ,-T.-'. .?? i l3r:r-cIi;inneT ■ Fijr. 5ti1 with a, 
tr i,:->-'^ ■■; l;3-;vr. a:;! T^ospeml from the hand by 

■ ■■; 1 -Trir.:: a;:a..-;;t:-'. :■■■ the center of the leather 
a-L/.i- :".:r""i-l: :"..e ..L-.lsinoT. Hold the leather 
■i-'a;".-: :',■.■■■ '>■::.■;■,; ■■■t ;he chimner. and lower tbe 
■ '. fv. \ A 'l—'.i way ;:■.:.! a i-e-iiet of water. Ton 
; --v It- ;■ •.'..' -:r'.:-._-. ar.i '.he upward pressnre of 
x:-:- will k'-.p Tlw loa:l:or In place. Pour water 

■ ;■.:•.> :'...^ •• I.!::: :;■:■>-. aiil, when the water In the 
. y -.i.-arly r.-a.-lx'- :l-.i> '.ovi'l of the water outside, 
i-::-r wll. fall. Till- i;j"vat^l pressure of the water 

I'— -la_M::>r ;!:.^ '.i-ather i< just Mtmced byttie 
.Min' [iri---i:r>- -i lin' uaicr hi the chimney and tho 
r. Why il.H-s ii-it a pailful of water In a well seem 



il' - 'if f-\'|XrriiTifiits iliiis I'm- show that, ft pwj^ point 
:'./'■"''• .'/'■'"■■'''.V '■■"""'« /-i-'-KKi-fi- 1; Ij..' i>xi,-t':d equally in 
i..i. 'ii.fl lU'ii hi Hipiids llip /ireesi'iv inataaes aa th« 

■ !ui_v iiii'fiijs (.r iiscirrUiiiiiii.u' the pri'ssuiv at anj- iioint 



l'.«|ii-i'i It :t. I'n 



-••luiljcil [rlii-is IuIh' rinsed at one end 
■■'■iitiT of Ihr iMiil. imcl with a bore of 
ti ivilli iiicrtur)' and hnert. The iner- 
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PRESSURE AT ANY POINT IS A FUTTD. 

CQij In the closed arm will sink about 2"° to A, aud will rlne 2' 
(ipeu arm to C ; but tbe surface A Is 76™ higher thau Iht- MurfacB C, 
This can be accounted for only by tbe atmos- ,,^ 

plwrlii pressure. The column of mercury BA. 
oootainlug 76™°, is an exact counterpoise for a 
'Mdnmn of air of tbe ^ame diameter extending 
bum C to the upper iimit of liic atmuspherie 
oeau), — an unluiown hight. 

The weigbt of the 76™° of mercury in tbe 
Mlumn BA is 1033.3" exactly, but, for 
rauvenlence, may be said to be alx>ut 1'. 
Hence llie weight of a column of air of 
'"^'section, extendiog (Vom the surface of 
to spa to the upper limit of the atmosphere. 

Fly . 30. is about 1". But 

J gravity causes 

I equal prcssui'i' 

ill clhectioDB. 

Hence, o,t thf 

I level of the sea, 

all bodies are pressed upon in o 

directions by the atmoxphere, icith 

I force of about i* per square ceiU 

meter, about 15 pounds {exacthj 14. 

I ibs.) per square iikIi, or about m 

ton per square fool. Fluid pressui 

generally expressed in atma 

I pheres. An atmosphere (when tl 

term is used to denote pressure) 

ike pressiirp of 2* per s'/uare centt-^' 





t 



1 man of average 

t^rnal pressure of alwut fifteen tons. If Uie area of the bottom of 
"empty " paU is one square foot, tbe downward pressure on its bol 
i* a little more than one ton ; liow can any person carry such a palll 
why is it"^ bottom not forced out? 
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§ 47. Barometer. — Figure 30 represents another form of a] 

paratus,whicli is more cominouly used for ascertaining atmospher 

pressure. It consists of a straiglit tube about 85™ long, closed i 

one end, and flUetl witb meivury. Wiien tliis tube is inverted, H 

j,| 3] open end havii; 





ubc will I 



iL balances the 
mospheric pre 
nrc. Tliia esp 
mpiit w.is devil 
l)y Torrieelli, 
Italian. The a 
pavatus is called 
baroweter.'' TI 
nipt J space abo 
Ihe niereiiry in 
tube is called 
liceltian vacwu 
Tlie history of t 
experiment is vi 
interesting and i 
poTtant, inasmi 
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i the 1 



demonstration 
the pressure of 
atmosphere. (S 
t Whewell's History of Inductive Sciences, Vol. I., page 345.) 
The hight of the barometric column is subject to fluctuation! 

r. aeiglil mtaturer. 




BAROMETBE. 61 

I shows that the atmospheric presanre ia aubjcct to vaiiationa 
from various caasea. The barometer is always a. faithful moni- 
tor of all changes in atmospheric pressure. It is also service- 
able as a weather iadicator. Not that any particular jioint at 
vfhich mercury may stand foretells any particular kind of 
weather, but any sudden change in the barometer indicates a 
■■hinge in the weatlter. A rapid fall of mercury generally fore- 
Ixxles a storm, while a rising column indicates clearing weather. 
If the barometer is carried up a mountain, it is found that the 
mercury constantly falls as the ascent increases. This shows 
that the pressure is greater near the bottom of the aerial ocean 
than near ita top. It ia found that the pressure increases very 
rapidly near the bottom, as may be understood by studying 
Figure 31. The shading shows the variation in deosity of the 
air. The figures in the left margin sliow the higbt of the atmos- 
^Aere, in miles ; those on the right the corresponding hight ot 
Hb mercury, in inches. Tbo average hight of the mercurial 
^■Dmn, at the level of the sea, is about 76"°' (30 iuches). 
^Elt will be seen that the density at a hight of 3 miles is but 
little more than ^ the density at the sea-level ; at 6 miles, ^ ; at 
9 mileS) ^ ; at 15 miles, j>g ; at 35 miles it is calculated to be 
only ^fli] J, so that the greatest part of the atmosphere must be 
within that distance of the surface of the eartli. On the other 
hand, if an oi>cning could be made in the earth, 35 miles in 
depth below tlie sea-level, it is calculated that the density of the 
air at the bottom would be 1,000 times greater than at the sea 
level, so that water would float in it. Air has been compressed 
to this density. 
ffo what hight the atmosphere extends is unknown. It is 
lously estimated at iVom 50 to 200 miles. If the aerial ocean 
e of uniform density, and of the same density that it is at 
!Ee sea-level, its depth would be a little short of five miles. 
Certain peaks of the Himalayas would rise above it. It may be 
readily seen that hights of mountains may be measured approxi- 
[ely by the aid of a barometer, ^ 
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1, A ir^ifs^m on th^ top of Mt. Kharr vTfrll ^afc* s w^at pottioii of 

lUt, Atr ofi «;xpaij'lif^^ Lir^ iFing* t«> a ciogub. evanre. ^kk ^ wookl at 

tut' 'fffWrtti ? 

2. How MOdld thl<^ alTect bres^LiD^. coot^oiiirtEE insss % person le- 
t^uUt.'i si fU-.tituU: amount of air ia. & ztt-^s. tzik. !x •^c*ii^ to sustain 
lif^: > 

9. A [I* r^'tii A'Ct.ufVm'^ C miIt-^ in a ValSoon. Lear?* wzaai proportional 
Ifftti of Mi'r VfU'tW, fna-H of air btkjw hist? 

4 Wii^rfi t.h': \ta,rottn:tnc column stalls at 4'jrf™^. wnot k^ the atmos- 
it\n tU: \tri":*Mrt: ifi 'timitfi |^r !«<4uan: centiiDeter? 

ft. A iriir'ftnt.U'.r varrWA into a mine stan*!^ ac 3**^?""™: what is the 
uUtt'i^iUt-tV: \irt'.*.^Mr*: ill th«: mine? 

^ 46. Compressibility and expansibflttyof gasee. — The 

\nt ti''.i>M ttf [itt'^-i'^iM'c uttc'iuling the increase in depth, in both 
i-'^ithi:-. ith'l j/:i*^*'>^. irt nriidily explained by the fact that the lower 
i:i)t't>. '/f llui'U, ?;ii^t;iiii llic weiirht of all the laversabore. Con- 
!:'-'l<i<-iiily, if t.li«! lK;<ly of fluid is of uniform densit^K, as is very 
I,' :,t\'j i1j«- 'h>m ill liqiiids, the pressure will increase in nearly 
Uj': .'..u/n j.iiio ri-; tliir d<'[)tli iiKTcases. But the aerial ocean is 
f.ji fj'/j/j »/i-in^ of iiniforin density, in consefjuenee of the extreme 
^•'//ii|/H .-..-jiiiliiy of '^;is<;ou.s matter. The contrast between water 
.'tij'l iilt . in t hi- n>.\H!fX. iiiav l^e seen in the fact that water, sub- 
ji/!«<l 1.0 :i \,ii'^.-Mri' of one atmosphere, contracts .0000457 of 
U>. soliiiii'- ; ijii'l< r tlir: sumct circumstances, air contracts one- 
|j:j|f. J'oi- i/io>i pr.'Urtical [purposes, we may regard the density 
of w.'jU'J ;it :ill 'Uptlis as uiiifomi, while it is far otherwise in 

liii'ji'. iti:i>.>.i'!^ of* 'j/:i*»<',s. 

'J )i<: )/)<:^:^iin.' at dilTorcnt depths in liquids may be illnstralied 
by piliij.iif fnvi'V'dl hrirks one on another, when the pressures that 
dilfi^n^nt hri<-ks subtahi vary directl}' with their depths -below 
t.li<! iip|;(!r surface of the pile. On the other hand, pressmnBC^ 
j/fi-:f's at dilfcn-nt dopths may be illustrated by piling flckices of 
wool oiKt on another. Since the volume of each successive 
fleece varies with the weight it ])ears, the pressures which diflfer- 
ent fleeces sustain are not proportional to their respective depths 



rCOMPRESSlBII-ITY AND EXPANSIBILITY OF GASES. 5! 

i^ow the upi>er surfiipc of the pQe. At twice the tlejith, 
there would bt much more than twice the pressure, because 
llii; lower point would sustaiu more than twici; the number of 
fieeces. 

Closely allied to compressibility is the elasticity of gases, or 

their power to recover their foi-mer volume after compression. 

The eUutkity of all fluids U perfed. By this is meant, that the 

forue exerted in espausion is always equal to ilie force used ia 

compression ; and tiiat, however much a fluid is compressed. 

will alwaj"3 completely regain its former bulk when tlie pressure 

is removed. Liquids are perfectly elastic; but, inasmuch aa 

they are perceptibly compressed only under ticmendons pres- 

^flnre, they are regarded as practically incompressible, and so it ia 

^^bely necessai7 to consider their ehisticity. It has already been 

^^fued (page 17) that matter in a gaseous state expands indett* 

^^Bieiy, unless restrained by external force. The atmosphi 

confined to the earth by the force of gravity. 

Experiment. PartiuUy fill an iudlo-rublicr balluon with aii 
tiglitly elost it- WTiat \s tlie external rorcu Hint iiruveuts the ulr In llie 
liulloon tVoin expautling and completely iii- 
llatlug llie Ualloou? I'lace It under thf glass 
receiver of au air-pump (Fig. 33), aud ex- 
oat the ulr; the halloon becomes (■{nii- 
tely diatentlod atidposslblj bursts. Befurc 
g placed under the receiver, tlie lialloun 
Fie ss sustains a pressure of 15 

1 J) >iiiids oil eveiy sijuari; 

ii "What p c tut I ol 
ie 1 der tli press r 
[ liia'-mucli as II balloo 
shows DO '' Kns of djste 
tiDu or collapse u 1 1 
I plai^d undtr thL rece er t voul I 
fireat outward pressure Is exactly haiaiioed by tlio 
ensioH of the air withiu. 
Giaas-biowecs prepare thin glass Ifottles (Fig. 
for the- purpose of illustrating the tension of air. Coutaining air of' 
^■Btiinary density, they are sealed and placed uuder the receiver of »JX 








r 
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removed, ami the enclosed *lr tlieu barsta the bottles, tbfowing tng- 
ments of glass in all directioiis. 

At every point, then, in a body of air, forces are acting out- 
■rarda. The air ia somewhat like a spring coiled up, and ready 
to relax Itself, when opportutiity ia given. Since this elastic 
force at the bottom of the column exactly balances the force of 
gravity acting on the whole column. i.#.. equals the weight of the 
•rfiole column, it followa that, at the aea-level, Ike elastic force 
9/ air is ordinarSy 2' per square ceiUinieter. 

S 49. Air-pump. — The air-pomp, as its name implies, ia 

used to withdraw air ^m a closed vessel. Figure 3-4 will serve 

to illustrate its opeN, 

fit"* „i.,« B i= » „l— ] 


1 
1 


of a door intended to open or close a j) 
■gainst a door on one side, it opens and a' 
if you walk j^ainst it on the other side, i 
ftnd stops yonr progress. Suppose the pi 

, and opens the valve 3, and the enclosei 
lie piston reaches the bottom of the barre 
^n the air above the piston, in atteu 

1 


receiver troia whid 
airisto be exhausted 
B is a hollow cylia 
tier of brass, calle* 
the pumi>-barrel. A 
plug P, calle.1 a pi» 
ton. is fitted to tbt 
interior of the barrdf 
and can lie moved 
up and down by the 
handle H ; « ^d ( 
are valves. A valw 
acts on the prindiJe 
[kssage. If you walk 
ows you to pass ; bat 
closes the passage^, 
ton to be in the adl 
r in B closes the valrj 
i air escapes. Aftfll 

pting to rush dom 



^m TEE Arit-PUMP. &5l 

■ *> fill the vacuimi that is formed between the bottom of ttiu j 

barrel and the piston, closes the valve s. But an huou ds a I 

vacuum is formed nbovc (, and the downward pressure on thfl I 

valve removed, tlie air in K expands, opens the valve f , and Qlls I 

the space in B that would olherwioc be u vacuum. But, aa the I 

air in R expands, it becomea rarefied ; and, as there is less air, I 

so tliere is lesa tension, The external pressure of the &ir on R, I 

being no longer balancetl by die tension of the air within, pressefl I 

tlie receiver firmly upon the plate L. Each repetition of a I 

double stroke of the piston removes a portion of the air remain- 1 

ing in R. The air is removed from R by its own expansion. I 
However far the process of exhaustion may be carried, tlie 

receiver will always he filled with air, although it may be excee<l- j 

ingly rarefied. The operation of exhaustion is practically ended ] 

when the tension of the air in R becomes too feeble to lift tlie j 
valve {. 

D is another receiver, ojjening into the tube T, that connects j 
the receiver with the bairel. Inside Uie receiver is placed a 
barometer. It is apparent ttiat air is extiaustcd (tom D us well 

as from R ; and, as tlie pressure is removetl from the surface of i 
the mercury in the cup, the bai-ometric column fulls ; so that 

the barometer ser\'es as a gauge to indicate the upproxiinatiou i 

to a vacuum. For inatauce, wlieii the mercury has fallen 3tll)""" | 
(15 inches), one-half of the air has beeu removed. 

t QUESTIONS. I 

1. Why Is It difficult for a persou to lift tbe receiver from the pump 
er the air Is exhausted from it ? 
B. Why Is it easily ralBod before the air is exhausted ? 1 

I, Suppose that the air la tbe piimp-barrei. wbcii tbe piston is raised, I 
one^ighth of all the air in the pmnp, Including the ah' iu the recuiv- I 
I; what portion of Che air Is removed by the first double strobe? 1 

A. What portion of the original amount of air la removed at the I 
Hcond doable stroke ? I 

t. Which douhle strobe removes the most air ? I 

S. If there were no force required to lift tlie valve i, why could not 
^^ta perfect vacuum he obtalneil ? 
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T, It Is s very good pump that reduces the hlght of the mcrcarUd 
colnmn to 3™". What portion of the air liaa been ivrooved In that 

CMC? 



An e^solute vacuum haa 
may be readil3- underetood, 



■ver been attained. The difficulty 
According to the most recent cal- 
culations, the number of moleculeo 
contained in a cubic centimeter 
of air of ordinary density is some- 
thing iike 21,000,000,000,000, 
000,000 (twenty-one milUon tiil- 
lion) ; consequently, when it 
reduced to one-milhonth its 
iia! density, 21,000,000,000, 
( twenty-one trillion) molecnl 
arc still left. The exhau3ti< 
may be carried much farther thft^' 
by iJiirch' tiicclianical means, by 
bcatiiij^ II iiiece of charcoal in 
the ruL'eivcr while the pumping is 
going on. Heat expels the air 
ill its pores. After the pitmiting 
has ceased, the chai'coal is al- 
loH'ed to C'oul, when it condenses 
a bilge portion of the remaining 
air in its jwres. (See § 37, page 
38.} 
A very cheap and efficient sub- 
atitiite for an air-pump for many purposes may be arranged as 
Figure 85, in which a is an elevated tank of water having a 
icet 6 by which the rapidity of the flow of water may be regu- 
Lted. The tube c should be as long as tlie hight of the room 
admit, and its lower end should dip into a cup of water d- 
tbe end of the branch-pipe e there may be connected, by 
iana of rubber tubing k. a glass tube leading to a vessel if, floni 
to be exhausted. Water falling freely through a 
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(Had Inbe exerts no lateral pressure ; conaequcntly there i 
no tendency to enter the branch e. Aa the water in Culling i 
increases in velocitj", it tends to separate, leaving between thai 
C) linders of water vacuous spaces. Tlie lower cnil of llie pii>e si 
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piRce iind«T S'J 
; the Till lb anit | 
1 tlii; receiver? 



btiiig immcracd in wat«r, air cannot enter there ; 
Ijiil the air in the receiver g expands and riislips 
tlirough the tube e, to fill these vacua, and Ihua 
csliaustion is effected. \a Sprcngel's air-pump 
mercury is substituted for water, and air is reduced 
^ it to less than one-millignth its usual density. 

Ilzperimetit 1. Taken glanj^Uibe (Fig. 8<i). having 
b blown at one end. Nearly fill it willi mater, so 
it when iiivened lliere will be only a babble of air in 
diulb. Insert the open end ii 
■ver, and exliau-st. Kearly all the water will le 
Why? "What will happeu ivhen air Is ndmitled 
^p^rlmait 2. Throngli a cork of a tighilj-stopiii.i 
|or a U-shaped glass tube C (Fig. ;i7). 
J tlia other ami into t!ie empty 
Place the whole under a f-lus^^ 
pvcr. and exhau.<«t thei^r. WJiotphe- 
1 will occur? What will luipjien 
is admitted to the receiver? 

\ Sa Mariotte's Law. — The 
lent illustrated by Figure ;J2 
[wed that tiie volume of a given 
H)* of gas cie|>cnda upon the pres- 
! to which it is subjected. To 
exactly the relation betw 
Jfollows : — 



^Experiment I. Take a bent glass tune (Fig. 38). the short arm- 
pig closed, and the long ami, which ehould be at least &>>"" long, 
log open at the top. Pour mercury Into the tube till the gurfaces in 
|B two arms staud at xuro. Now the surface in the long arm support»il 
e weight of au atmoBphere. Therefore the tension of the air en- 




I 

1 



DYXAMICB. 



(osed In tlie sliort arm, wlilcli exactly balaucea it, must be about !■ 
^Dods to the Hquare inch. Next pour mercury Into the long si 

e In thB short arm reaches 5, or till tlie volume of air enclosed ]■ 
iduccd one'hulf , when it will be round that tlie hlgbt of the column A Q 
Is just equal to the higlit of the barometric colui 
at the tlmB the experiment Is performed. 
appears that the tension of thu air In A B balance 
the atmospheric pressure, jJiw a column of m 
A C, which is equal to another atmosphere ; 
tuuslon of the tdr In A B — two atmospheres. But 
the air has been compressed Into half the space It 
formerly occupied, and Is. consequently, twice as 
ilcuse. If the length and strength of the tabe I 
would admit of a column of mercury above tliffl 
surface in the short arm equal to twice AC, thtfl 
air would be compressed Into ^^^ ^ i 

one-tlilrd Its original bulk; and, i 
inasmuch as It would balance a 
pressure of Uiree atmospheres, its 
tension would be increased three- 
fold. 

Experiment 2. Next tal!C a 
glass tube (Fig, 89) open at both 
ends, and abont S4 inches long. 
Tic three strings around the tui><>, 
— one 3 Inches from tlie tiip, 
auother 6 inches, and the third :;i 
inches. Nearly fill a glass Jar, B, 
SG Inches high with mercury. 
Lower the tube Into the mercury 
till It reaches the string at 3. 
■ Press a finger firmly over the U]i- 
per end, and raise the tube till the 
111 a level with the surl^e of the mer- 
cury In the jar. Tliu niurcnry In the tube will stand at 
a. At first the air enclosed in the tube between S and 
the finger withstands an upward pressure of the mer- 
cury sufflcicnt to Bust^n a column of mercury 30 inches high, < 
atmosphere. When the tube is raised and the mercury stands ai 
Inches high, one-half of that upward pressure is exerted in sustainhij 
Ihe 16 inches of mercury, and the other lialf la exerted on 




string a 




;h, or on^H 
s at 6, V^M 
ustainhi^^H 



QUESTIONS. 69' 

>Jr. Bal Ihe pressure od tlie air is reduced ouc-half, while ttiu vuluiiw 
Is doubled. The results Qf the two setH of cxpcrliuonts aiay bv Utbu- 
lUeU as follows : — 

^^ Pressure j. j. I, 3, ii, 4, ie. 

^M Volume 3, S, 1, J, i, ], &c. 

^H Density j, j, 1, S, 3, 1, &c. 

^V Elastic force J, 1, I, 2, 3. 4, £c. 

1 From theee results we learu that, at twice the presBuru tbere 
18 half the volume, while the density and clastic force 
douliled. At half the preesurc the volume is doubled, and 
llie deusity and elastic force are reduced one-half- lleiiue the 
law : Tlte volume oj a body of gas varies inverstly us the prea- 
sure, density, or elastic furix. This is sometimea called Mai'iotte's, 
and eonietimtjs Boyle's, law, fram the uouiea of the two men 
who discovered it at about the soioe time. This law is true for 
) within certain limits, but under extreme pressure the 
a in volume is greater than iudicated by it. The greatest 
I from it occurs witli thouc gasea that are most easily 

QUESTIONS. 
V Ijito the Deck of a. bottle partlnlly tilled with water (Fig. 40), 
Insert a cork very tight, Uiroiigli which passes a giasa 
tube nearly to the bottom of llie bottle. Blow forci- 
blj Into the bottle. On removing the mouth, water 
will flow through the tube In a stream. Why? 

8. How can an ounce of air, 
in a closed fragile vessel, sus- 
tain the outside pressure of 
the atmosphere, oi noun ting to 
sovcral tons? 

3. What drives the peiU'ts 
from a pop-gun? 

4. Figure 41 represents a 
ilropping-bottle, much used in 
chemical laboratories. Why 
do bubbles of air force their 
way down into the liquid. 

fi. Stop the upper orlAcc, and the liquid will quickly cease to drop. 

K i 
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6. Tbe iuconv-euieoce arising, In many culinary and laboratory opct 
p.Stions. from water ■' boiling away," may be remedied as represented In 
I I'igure 42. A bitttle fllled wllh water is so suspeuded that Its moutli 
is just below the surface of the boiling liquid. As 
the water evaporates, aud its snrface falla below the 
i]iouth of the bottle, an alr-bubblt eutcrs the bottle, 
expanda. and pushes out euough water to cover once 
more the mouth of the bottle. Why does not tba air 
imsh out all the wattir from the bottle? 

7. Figure i3 represents a weight-lifter. Into a 
liollow cylinder s is fitted alr-tlght a piston t. The 
cylinder la connected with au air-pump by a mbber 
lube n. Wlieu air is exhuusteo^ the pi8t4>u rises, 11ft- 
iijg the heavy weight attached to it Why? 

8. If the area of the lower surface of the piston is 
21)1"". how heavy a weight ought to be lifted wlieu 
the uir is one-half exhausted ? 

u lightly stopper a bottle at the top of Mont Blanc, car* 
ry it to tlic sea-lcveb] 
iui^ei't the mouth 
the bottle in n 
iiud withdraw 
stopper; what wouH 
happen ? 

10. Show that 
labor of working 
kind of air-pump 
wrlbedd 49)iuci 
es as the exlioaBll 
progi'esse 

gSL Oondeosf 

— In the 

mentwitbtliebi 
(Fig. 40), air i 

moulh hy muscuM 
contraction, and forced into the bottle. An apparatus A (P 
44) , intended to condense air in a closed vassel, is called J 
eondenuer. Its construction is like thtit ol' the baiTcl of 1 
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t that the ] 



I of llie valvei 



; position 
(Compare witli Fig. 34.) Wlmt differences tlo you notice in; 
respect to the valves? What happens Uj 
the valves when the piston in the condeu.si'r 
is forced down? If the iwndeusev is ran- 
nected with a closed vessel B, liow iniicli 
dr would be forced into it at one down 

t stroke? What prevents the air from ts- 
enping during an up stroke? 11', alter air i^ 
eondeused in B, the cylinder C is connected 
with it by a sci-ew, and the slop-cock ( is 
floddeiily turned, what would happen to the 
Imllet s ? What name would you give to sucli 
so apparatus? 
The Western Union Telegraph Compajiy, In 
Hew York City, employs utraospherlc pressure in 
(brwardlng messages to its cential office froui 
the various telegraph stations In thai city. Tnhes of nnirorm she, fro3 
from suiiileu curvatures, and laid under ground, i:onnect the brane^ 

1 offices with headquarters. Rolls of ijaper. or letters to he do*" 
f patched, are ilepoBited In a cylindrical hos r. (Flft. 45), whloU 
fits the interior of the tube- The hox beiu;; dropped iutu tli« 
- ' end of the tub* 

at a, and the air 
being exhaustflil 
from tlie tube M 
the end ft, by 
means of an bM- 
pump worked by- 
steam , air rushes 
inatnandpuaheK* 
the box tlirongb the tnhe with a force of several pounds for every sijuare. 
incli of the end of tiie box. The operation Is still further fatilitated 
by the aid of a condensing-pump worked b; steam at the eud a. 
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Pressure transmitted tin diminished in all direo-' 
-Fill the globe G (Fig. 46) , and alwit one-fifth tlie cylin-: 
C, with water. The water ia the tubes u, b, c, and d, will rise 




<rlit'*ii i-t jwciilinr t/t iluid- 
tUutkity. 

KiKure 47 reiireiteiite a oamberof elastic boops e 
Uw vfHMKtl ABCO. A weig:ht, placed on a. oommtuiicates t 
It ft ibjwnwaril jtrvaeure- It is evident, that not onlj is l 

^imman\cateA to the boops below it in succession, audi 
flniilly tj> t)ie tNttt<)Di or the )>ox, but there is also a lateral [ 
(till) U> tlie olaatie property of the boops. The t 
M-ivlr>K jtreMurt! from h, above, reacts, exerting an Dpwai 
t' : it nUo prcMeH lateraUj upon the side A, and the h 



fpaBsaimB tbansmttted uNoiMtsMHED, ETC. f^sV 
and downward upon d ; d and n in tuni transmit presBure to V 
their adjacent hoops, and Ihus every lioop lecelvea and traiis- V 
mils, upward, downward, and i,.]^. ^j I 

laterally, a force equd to the ^^^^^^^^H^^^I^^H I 
downward pryssure of the weight 
\V. Hence that portion of the 
hottom immediately under the 
weight receives no greater pres- 
sure from W than an equal area 
of any other part of the bottom, 

Kthan an equal area of either 
the aides, A aud B, or the top 
This operation iliustrateM, 
somewhat imperfectly, the meth- 
od by which elastic fluids trans- 
mit pressure undiminished iu M 
lirectioDB. 
If we take a quantity of w.itir 
I a vessel A (t"ig- 48), shut 

I by two pistons, a and b, whose nreaa are respeutively. 
' and 4''™', and place a 10-gram weij^ht on the platform d, 
an equal weight on the platfoi'm c, it will he found that 
the latter is not sufficient to balance the 
former, but that it will require a 40-gram 
weight placed on c to preserve equilibrium. 
But the area of the piston ft is 4'''^"', while 
the piston a contains four such ai'oas ; 
lienee it follows that a pressure of -I' in 
Htransmitted to each of the 4'''"" of a, and just 
^MDpports the IC-gram weight. Had the area 
^Kl the piston b been 1^°", then the., 10-gram 

^Breight placed on it would require a ICO-gram » 

^■Kiglit placed on a to balance it; that is, a pressure of 10* ■ 
^Hrould be exerted ou every iiquare centuneter of a. I 

^H Utivluusly this furm uf appuratus cannot be made to work well on U 
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accuuiit uf the trii:t\<ia of the pistons; boi ne may sabstitate for B 
tiiu plstous nntl welgtitB columue of UijaUU. For insunce. let liic 
cniinoi;tliiK tube aoJ tlie lower part of the bairela be filled wlBi ner- 
Wiy ; the twu free surfacea will l>e at the same level. Now It 1U> 
ttf &U.V liquid, e.g. water. Is poured Into Ji. the level of tlie meruiry 
will III' changed! and, to bring it back to Ita original level, iVot^ona 
liquid inUftt be poured Into a. 

Wo ranclitdc, tberefore, that a pressure txerUd on a given 
arra of a Jluid enclosed in a vessel is transmitted to every equal 
area of Ike interior of the vessel; and that tlie w]iole pressure Ihal 
may be exerted upon the vessel inay be increased in proportion at 

the aiva oflhv jUirt subjected to external pressure is decreased. 

S 53. Hydrostatic bellows. — This principle is well illus- 
' iiifuiii* of tlie ht/divstMr. bellotcs. Two boards, b anil 
.,jj j„ <• (Fig. 4!)), each having an area of (say) 

40(P"", ui'e so connected, by lealher ct- 
tat-hetl to their edges, as to form an air- 
light vi'Sael called the bellows. A glass 
tube '(, having a bore of 1''™ sectioilj _ 
couiiiiiiiiicates with the interior of the )ij 
lows. Let water he poni-ed into the ti 
(I till the boai'd b is raised a few centiid 
tors. The water will stand at the sam 
!)i<rlit ill the tube and bellows. Nowif 
'iD' of water bo poured into the tube|S 
will ri.'(iiiii-e a weight of 20.000* to I 
placed upon b to prevent its rising. Ai^ 
vvi'i^lit less than tliat will be raised 1 
the 'lO' of wiitt'r. I f, iiiwtvud iif water lieiiig introduced into il 
bellows, a pei-son stand on 6, and blow mto the tube, he c 
eitsUy raise himself by tlie force of his breath. 

i 54. Hydrostatic press. — Closely ollied to the bellows fl 

the h'/drosUU/i: press, soinotiinos called Bramah's p}-ess from t 
same of this inventor. Yon see two pistons, ( and s. Figure 5 
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K area or the lowiir enrfttoo of l U («r) onf buiulrrd t 
tfiatof the lower snrnu.'o ur a. Ait Urn- inMnn ■ \n nimnl i 
ilfjiressed, water i« punipetl ii|) from 1ln- lUu-n 

ilifCjlbilerx. and t^xcrt* ^^ 

HI iipwartl pressor o 

iLLsinst llic iibtoii f on«- 

liiitidred limes gresUT 

Hian llie ilownwanl jirc*- 

■nre esertod utK>ii .'. 

rhus. it a ijre-ssurc of onf 

iiimdied pounds is ai>iilt(Hl 

111 8, the colton hales will 

lEsul:^ected to a pressure 

g-fiVB tous. 

e pressure that mav 
■exerted by tticae press- 
loas. The hand 
f a ctild can I)ivak a 
tong iron bar. But observe that, .illliLiit;!! Thi- pn-JtHiin' i-x- 
I is verj' grenl, llie npwanl movcinviit of the piston / it 
yslow. Ill ordei' that the piston ( may rise I™, tlie ))iston $ 
guat descend 1 00™. The disadvantage arising from Blowness of 
^ration is little thought of, however, when we i-oiinider tlia 
Bflt advantage aecruing from the fact tlmt one nmii enii pro- 
e as great a jiressure witli the press an a hundred iiieii <'»& 
■t without it. 
e press is useil for compressing cotton, liny, etc., intobalcSj 
D for estracting oil frofii i^cods. The nioilern engineer lindB 
it a most efficient maohine. whenever great weights are to b» 
moved ttirough short distances, as in launching the Great Kast- 
em steamship. 

Pressure in fluids due to gravity. — Having con- 
Idered the tnuismisaion to the walls of the containing vessel, of 
J pressure apjilied to any portion of a 8urfat;e of a liquid, 
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a wiU examine the effects of preflsurc due to the weight of the 
liquids themselves. Suppose that we have three vessels filled 
^ ^^ with water, A, B. 

andC (Fig. 51), of 
equal depth, and 
liaving bottoms of 
equal ai'eas. It is 
plain that the bot 
torn of vessel A sna- 
tains a pressure equal tn the weight of the column of water 
nfccrf, nr just the weight of the water in the vessel. The pres- 
snre on /y, a portion of the bottom of vessel B, is equal to the 
weight of a column tif water t/kji. But this pressure is trans- 
mitted undiminished tn tlie surface fh ; consequently, 
pressure on fh ia equal to the weight of a column of water of 
the size of ef/ig, and the pressure on jl is equal to the weight of 
a column ijlk. Hence the pressure on the whole bottom fl i% 
Hjual to the pressure of a column of water tflh, or the saraQ 
as the pressure on the liottom of vessel A. But the weight ofc 
the water in B is less than the weight of the water in A. Hencer 
(1) the pressure on the bottom of a vessel mai/ be greater than tW 
weight of the water in the vessel. 

Ill vessel C, the side mq sustains the downward pressure c 
the Iwdy of wat«r rnqn ; and the side pr sustains the pressure & 
the body orp; while the liottom qr only sustains the pressui 
of the column nqro, which ia equal to the pressure on the bo( 
toins of each of the vessels, A and B. Hence. (2) thepresaoi 
on tlie bottom of a vessel may be leas than the weight of the v 
^ in the vessel. 

^L We conclude, therefore, that (3) the pressure on the bottom 
^K of a vessel depends on the depth and area of the bottom ajid 
^K the density of the liquid, and is independent of the shape of Ike 
^t vessel and the quantity of liquid. — The important fact that the 
^^ pressure on the bottom does not depend on the shape of the 
^H vessel is often called the hydrostatic paradox, because, thouf 
^Htrue, it seems at first absurd. 
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* Kcperhneiit. The 1«st conclnstoD may be verilled wKU apporattw I 
like that represented In Figare 62. Vessels A, B, anil L' have different I 

capacities, but equal depths, aail Uik ilisk li is Ui serve ttuccesslvely ^ 
foi the bottom of 
each. Each vessel, 
when in use. Is sup- 
potted by the tripod 
e. The disk is aup- 
poiieil and pressed 
up stroDglj against 
the bottom of the 
vessel by means of 
a string passing up 
through the vessel, 
and attached to a | 
tipring-balance. Let 
water be poured in- 
to vesBe! C.and rcg- 
nlate at pleasure the 

^Uioount of dow)i- 

^Htttd pressure nee- 

^Htiary to push the 
Itottom off and al- 
low the water to 
escape. Note the 
depth of water 
when the bottom Is 

forced off, and mark the level <if the finrfai;e with the pointer/. 
iiol« the pressure indicated by the index of the Iialanue. Substitute 
vessel A for ves.tui C. Pour the water caught in the basin g, in the 
last experiment, into vessel A, till it reaches the pointer /, when the 
bottom win be forced off at the same depth as before, as shown by the 
pointer, and by the same pressare, as shown by the spring-balance. 
But much less water is required than was used with the vessel C. The 
experiment, repeated with vessel i). will give the same results with the 
use of a still less quantity of water. 

(4) The pressure due to gravity/ on any portion of the boltom 

of a vessel is equal to the weight of a column of that liquid whose 

tose is the area of Ikat portion of the bottom pressed upon, and ■ 

m^Aose flight is the greatest depth of the mMer in the vesael. Tliusj 
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iij|.|MM<: tilt; !in:!i of Aj. of tht; botfim of vesael B i Fie. 51 )- i* 
J'|||"--'. :iii'l t.liit 'ii;|/t.Ii -jh w V™ : clien the culamii •jhji c'ontaiiis 
"MiT"-. Aii'l. iiiii;i: r.lic witi^riit •>t one '.-iibic '."entiineter of water 
i.i '.[iir -zY-.tM. Uii: wi:ijrlit of the oulumn is ■J'.'**, whit.-h is the 
\iTi^*iiv. oil r.lii: siirfucK //;,' and the preaaort: on cioh of the 
iMjiiiU iiirf!ii:i:?t A iuii ji lieiog the iKune as on Sy. the pressure 

..11 Mil: i:M\t>: liottom i« 27IJIJ*. 

I-Ai>l<-iitly tin; lub;ml preMure at any pomt of th<; si<le of a 
v-irim:l r|i:[i<:JiilH iipoQ tliK ilt^ptb of tbot pouit : 3D<i. a.s depth 
:xt liiircnriit [lointi of a, siilu varies, hence. ( J i (•> jind thi pi-^t- 
Hiirn 'nx-ii nn-f tiuftinH of a miU. of a ce»tel, K»_/irt<i (A* a^^jht of 
'( itilurim iif initur mluim hiiM U the arvtt of tho.t iioftion of tint 
.liilit.'ii'tl •r/fuvhi'/fU: UUw. nnfrrnjn de^ of Aat [/Oitloi^. Thns. 
vi': r-<.iii|iiiti: tin: pri-sMure on the siile ab of vessel A (Fis. .il). 
\'\ riiijlti|jiyiii;itlii: !in:a of the sideSO*" Cdimension^. 9 x ]i)™i. 
\>\ tli>: il<'i>tli to tli<: iniilille ijoint x, 4^™. and this hy the weight 
of 1""' of H:iti-r. whii.-h ijivw 4i).>* for the pressiut on the side 

QUESTIONS AND PROBLEMS. 

1 1^ ;. ;i|i|,;iri-iii. t.liiir, :i rjam ■ Fiy:. .i:!;. to he efiiiallr capable of 

o::.-i.i»u, \.t---.,r-. ill :i!l it.- i«ins, shouliJ l)i; ma<le thicker towiirils llie 

t.oCtoiti. How rapiilly >hou[<l Its tlilckness 

\\\-s\\ till.'. -:iip[>ose tlie flooil-iiftte of 
I I"; '.■lo'-i.'it, loaviti? the surfai-e of 

till- ih-^iili; aiii] outside of the jnie 
II.: Ii:vfl. Fi'ocn u-liich does the irate 

In.- irruator iirt'ssore. the water in 
. i.r tlie oceau of water outside? 

. Tlic iiitr-rior iliniensions of the rectan- 
'" in IfinEth. •IV-'" ill wlilth, and 15™ in 
«atc-r. Conipute the total pressure on 

:: H I'FiL'. .■>+ ' . the area of whose end Is 4*™, 
-.iirfrir-c of the water with the force of lOW; 
ill each side of th.; vessel sustaiu 7 
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THE SURrACB OP A LIQCTD AT RE8T IS LEVFJ,. C}9\ 

r great will be the whole pressure tluit each i'iilc siiHUiiiL-K 
ia to Ihe weJghl of the liquid and the eitcrnal pressinv? 
t Suppose niercnrj, nlikh is 13. S times IlcavIit 
be employed Ini^tead of water, wlmt 
"would be the answers to tlie three preceding ques- 

T. Into the top of a keg nUed with water, a, brass 
tnlje 10'" long is inserted, a transverse section of 
nliose bore la li™'. The depth of the water in the 
cask is 30™. and the area of the bottom of tbc cask 
U *(W™. {a) Compute the pressure on tbt bi>tii.i'i of !\m ki'^. 
^^ Compute the pressure ou the bottom of the vnsk if tlie tubv iH llUuil 
mUt water, {e) What Is the weight of the waU-r in tlie tube lUal 
Bp aea this extra pressure? 

Epl> What cnaliing-force on each side would an enipt; cubical box. 
tliE area of one of whose sides is It"", sustain, if lowered 1^'" into the 
sea? 
9. What crushing-force on each side would tills bos sustain friuii 
e atmospheric pressure at the sea-level, if the air were completely 
jftiieted therefrom? 
: Suppose the top of the vessel (Fig- 54) to be the weak part of 
t able to sustain more Ihati 60* pressure ou I0i<;"i, what 
■e applied to the plug will burst the vessel? 

I 56. The surface of a liquid at rest is level — Uj jolt- 
vease! the surface of a liquid in it m&y be made to assume 
the form seen in Figure 55, Can it retain this form ' Tike 
two molecules of the liqnid at the pomts t 
and b, on the same horizontal level Ihe 
downwai'd presaui-e upon a is the weight of 
a column of molecules nc, and the donnwiid 
pressure upon b is the weight of the colninu 
bd. Now, since the pressure at fi given dupth 
is equal ic all directions, bd and ac rcpre'^ent 
the lateral pressures at the points b and a re«pectiM 1\ Hut hrl 
is greater tUan ac ; hence, the molecules a aud b and thoie Iviug 
in a straight line Iietween them, are acted upon by t«o unequal 
lorces ID opposite directions. There will therefore, be 
Meat of molecules in the direction of the grtater force toward 
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till there is eqniiibrium of forces, which will only occur wfen 
the pointe a nad b are ctiually distant from the surface ; or, in 
other words, there will be no rest till all 2>oints in the surface an 

Kthe same horizoTUcii level. 
This flict is commonl; expressed tbas : "Water always seeks )U 
CBt level." In accordance wltli ilile principle, water flows down 
lined plane, and will not remain bcapcd up. An lllustratioD oC Ihr 
applicatioD of this principle, on a large scale, is found in the mi 
of supplying cities with water, i'tgure 56 represents a modem 
duct, through which water is conveyed from an eleTated pond or rtTtt 
I tt, beneath a river 6, over a hill c, through a valley rf, to a reserroU 
B a city, from which water Is distributed hy service-pipes to the dwdl- 
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Jugs. The pipe Is tapped at different points, and fountains rise thel 
iticaUy to the level of the water in the pond, but practically not s 
fgh, on account of the resistance of the air and the check which tl) 
aacendlng stream receives from the falling drops. Where shonld tl 
pipes be mode stronger, on a hill or in a valley? Where will watt 
Issue from fancets with greater force, in a chamber or in a basemenl 
How high may water be drawn from the pipe in the house/? 

§ 57. Ai^eaian welle, etc. — In most places, the crust of thi 
rth is composed of distinct layers of earth and rock of various hinds. 
,e layers frequently assume concave shapes, so as to resemble cupi 
a within another. Figure 57 represents a vertical sectloH 
Reposing a few of tUe surface-layers of the earth's crust ; a Is a st 
( loose sand or gravel ; b, a clay-bed ; c, a stratum of slate ; d, », 
n of limestone ; the whole resting on a bed of granite e. If y( 
hollow out a lump of clay, and ponr water into the cavity, you w 
Bnd that the water will percolate through the clay very slowly. Wat 

kthat falls in rnin passes readily through the gravel a, till It reaches tl 
Blay-beU h, where it collects. Hence a well, sunk to the clay-bed, w 
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Hi water as high as the water slanda above the clay. Water &Ibu 
orts iis way from elevated places down between tbe Htrala of rucks. 
f ahole Is bored througb the slate r, water will rise above the surface 
f Ihegmand in a fountain, in attempting to reach the level of lis 
aurcE on the hill ; and if bored atill lower, through the stratum i" 
til! higher fountain may result. Snch borings are called Artesiaa 
^llt. Water frequently forces ttji way through flasnres In the rocky 
LP surface, as at (, and gives rise to igtriiign. 




§ 58. "Any quantity of liquid, however small, maybal- 
ancs any quajitity of liquid, however large." — If yoii lead 
a pipe through a dike by tlie seaslioi'C, and curve it upward, the 
water wUl rise no higher than the sea-level, even tliough the pipe 
should end in a qiiill. 

Notwithstanding that everj-day experience teaches that 
"liquids seek a level," it may seem strange that the large 
quantity of water in a teapot is balanced by the small quantity 
in the nozzle. Why, for instance, should the liquid in the small 
arm B balance the liquid in the large arm A, of the vessel in 
Figure 58? Imagine the liquid in A to be divided into columns 
a, b, c, and d, each equal to the column e. It is clear that the 
downward pressure of any one of the columns a, b, c, d, or e 
will balance the downward pressure of any one of the other 
columns, and that there ia no reason why e should rise above 
ma one, or all, of the others. 
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I of atmoaplicric presau 
(rubber is oft«ii iinDSt 
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59. Siphon. — A siphon is an instrument used for t 
ferring a liquid from one vessel to anotlier tJirougli the ageud 
It consists of a tube of any niateri^ 
n'enient) , Itent into a sliape somcwltl 
like an inverted U. To set 
ration, fill the tube with a liquid, i 
earli eud witli a tluger or eork, : 
diiL' end in the liquid to be trausferre 
In iiig the other end below the levd^ 
thi' surface of the liquid, remove C^ 
-dippers, and the liquid wil 
;iirly flow. Why? The force i 
raises the liquid in the short arm of I 
siphon A (Fig. 59) is tlie preeeurel 
the atmosphere leas the downward pressure of a column of w^ 
do. The excess tends to carry the water over through the b 
On the other hand, the upward pressure at b, tending to c 
the water back into the vessel, is an atmosphere less the we^ 
of a column of water ba. But the former excess is greater Q 
the latter by the weight of a coUiron vb ; consequently the liqd 
moves iu the direction of the greater force towards ft, witi 
velocity dependent on the distance eb. When the distanoe I 
becomes zei-o, as in B, the flow ceases, ajid the liquid stands ij 
the tube. 

If one of the vessels is raised a little, as in C, the liquid wiU ' 
flow from the raised vessel, till the eiirfaces in the two vessels 
are on the same level, Tlie remaining diagrams in this cnt 
represeut some of the great variety of uses to which the siphon 
may be put. D. K, and F are different forms of siphon fountains. 
In D, the siphon tube is filled by blowing in the tube /. Explain 
the remainder of the operation. A siphon of the form G is 
always ready for use. It is only necessary to dip one end into 
the liquid to be transferred. Why does the liquid not flow out 
of this tube in ita present condition ? H illustrates the method 
by p ' ' ' " Jjeavy liquid may be removed from beneatit a lighter 
SWeaua of ' "'ma liquid may be removed from ■ ] 



711 



' -I i buries #Ukte, witlKiut dUtiiri>4i>ft Xfilimrnl nt Uw liot- i 
I I U a TmUiil'tH rm/t. A li(}Ulil will mil iIum fhun tltia | 
' lill Uw tup of \hv WuJ ot tla> luU- in covrml. It wilt (tirn 
.litiime to tluvr as long ii» Uii- rml of tlw- tiilw is ui Uw lu|ui(l, , 
ilie Atpboii J may be fillnl wHti a li()(iul that U not aafc or 




pleasAiit to Imcdle. Iiy placing the end j in the liquid, : 

Uwj end k, and sucking the air out at the end I till the loirer end 

|to filled with the liquid. 

^i^G'^ea b^ft'ier than air may bi^ yiphoiicd like Uqvtida. Vessel o 
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IbntatDs carbonic-acid gns. As the gan le siphoned into tlie 
Kb.scI p, a ex ting It is lies a candle -11 ainc. Gases Ugbter tbou 
^T are sipboned by invtrtiiig Iwth llie vessels and the sipboo, 

I , QUESTIONS. 

I 1. What la the greaWst hlght bo which the hciit! r (in 4, Fig. 59) 

bill be carried, and allow water to flow ? 

I 2. What would be Ihe greatest hight If mercury were UBcdf 

I 3. SiippoHe the bend r Is IG*" ahovc the liquid ; what theoretlcoU) 

HBght to happen when the cud b is nustopped? 

f 4. What would happen If the long arm were cut off ate? 

L S. What wouldhsppen iftt wcrccutoffbetweene andai 

' 6. What would happen if the siphon were lifted out of the liqiUd? 

, 7. What would be the effect of leugthenlng the long arm? 

[ a. Must the two arms of a siphon be of unequal length? 

t 9. How far can a liquid be carried by a siphon? 

\ ID. Will a siphon woric In a vacuum? 

L 11. Imagine that some such condition of things as is representtAi 

Le apparatus E (Fig. 59) exists in the earth, and that the sljdioii 

Ha a smalier bore than the siphon c ; can yon account for intei 

^rlngs which flow and cease to flow a£ nearly equal intervals of timet 

' §60. Appa.rotU8 for raifilng liquids. — The siphon caa 
bnly be used Ibr transferring liquids over liigbts to a. lower 
level. Liquids cannot be transfen'ed to t 
liigher level by atmospheric pressure alone. In 
fact, atmospheric pressure is only a-conven 
ience, and never does work. If the piston B 
of a siiringe (Fig. 60) is raised] the air is n 
tied below it, and the atmospheric pressure t( 
furce water up into the syringe ; but to rai* 
the piston, against the atmospheric pressurff 
tending to force it downward, requires as muc^ 
muscular energy as would be required to ra,iM 
same quantity of water to the same hight as that to whid 
a raised in the syringe. 

The common Hfting-puvip is constructed like the barrel e 
air-pump. Figure CI represents the piston in the act t 
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ntrvOcd beluw Lt, irabir 
pherie [stasn, utd opeua tlM> lumi-r v&lvi-. 'Itie wi^ittUt u( Uwl 
water above tlu.' \)UU>ii L'UMeH tlio ujtpet vmlvr, nml 
tlie water is dl&ch)irgi.tl Trutu the nfiotit. ft'ltrn 
the iilsUtn IB presacO tlown, the lower vkIi'v rlcMrs, 
tl)e nppfrr valve oiiena, mid th^ water bctwet-o 
Urp Iraltom of the barrel and tbe pUtoa (•amxh 
tliroHgh the ui»i>er valve above the pUton. Hi-w 
liigli caa the lM>ttom uf the borrfl lie aU>ve iIk- 
stirfuce of the liquid, if the liquid to tx.- puiiipcil 
is water? How high if it ie mercury? 

Fic r: ^''^ liquid is eoniclimes &aid l'> lu' 

raised in a Hrting-puinp by Ihe -- (••irr 

of siiclioD." Is there such ii fimi ? 



I 




Fill iba J 



Rxpertment. Bend a ^Ibhs tutn: iiild :i 
' .'liapc. with iiiio(|ual arms, aa In FlK<>r 
tiitiL' with ft lliialil to tlie level c6. CIom tlie eul b wldT] 
B finder, and tr)- to suck the 
Ik|iiid out of the tiilje. Voii 
ami K impofi'lltle. lltini'i' 
Hie Biigcr from i, and joii can suik ily. 
liqald out with case. Why? 
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iThe piston of a force-pump (Fi^. 
ha* no valve, but a brnucli iiijn 
from the lower part of tlie biu- 
an air-condenHiDg uhnmber ", 
the bottom of which ia a va^e c 
ining upward. Aa the piston is 
water h forced up through tht 
ve d, while water in a is pre 
mted from returning hy the valve c. When the piston l« J 
forced down, the valve d closes, the valve c opens, and wnterj 
ie forced into the chamber a, condensing the air ahove the wnterij 
The elasticity of the conden aed *k torcea the water out of 
continuous 
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V. BUOYANT FORCE OF FLUIDS. 1 

Experiment 1. Grftdu&lly loner a large Btone, b; a string tied to 
it. into a bucket of water, and notice that its weight gradually beeotnes 
Icsa till It is completely submerged. Slowly raise It out of tlie wat«r, 
and note the cliange In weight aa It emerges from the ivater. Suapenil 
the stone from a spriog balance, weigh It In ^r and then In water, tuA 
ascertain its loss of weight In the latter. Repeat the experiment witu 
pieces of Iron, woml, and other substances. Inflate a bladder, tnil 
force It beneath a surface of water. Fill a thin rubber balloon witb 
coal-gas, and it will rise to the top of the room. 

In all these expcrini€Dts it seems as if something in tlie fluid, 
underneath the articles submerged, were pressing up f^ainsl 
them. Tliis lifting-force ia called the buoyarU force of fluids. 
Kvery body immersed ai>|)cars to lose part of its weight; 
some bodies apjicar to lose all their weight. Do bodies really 
lose any portion of theii weight when immersed in a liquid? 

Kxp<Tlmcnt 2. Place a beaker of water ou a scale-pan of a balance- 
lieuni, nnd weigh. Weigh a stone first in the air, then in water, and 
j.| y, ascertain tlie apparent loss of weight 

Then suspend the stone from a support 
(Fig. G4), and weigh the beaker of water 
with the stone immersed, and It will be 
found that the beaker and Its contents gain 
in weight precisely as much as the stoue 
loses. Tlint is, (fte waUr atipporU what it 
not supported by the tiring, and no vtigU 
IS really lost. Repeat the experiment with 
a block of wood. 

Experiment 3. Make a saturated soln- 
tion of salt in water. Weigh the same 
stone in air, fresh water, and salt wat«r. 
Tlie npparent loss of weight Is greater in salt than in fresh water. 
Throw a piece of iron Into mercury. It floats on the mercurj' like 
cork on water. Fill a vessel with carbonlc-acld gas ; blow a soap- 
bubble, nnd drop it into the vessel. It will not sink In the vessel; hut 
rolls over the side and falls to the floor. It appears that some fluids 
have gi'eater biioyaut force than others. The water of the Dead Sea, 
In Palestine, is so salt (i.e., so heavy) that a person could not possibly 
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J 63. "Wliy a solid is buoyBd up by a fluid and with 
how great a force it la buoyed up — SufjusL Irlni (I g 
€o) to be a cubical bloi.k uf iiiuil Ic immci'scd \\ i li jui I It la 
oliiouB that the downwai-d preasi ri mxn vig bd 

the surface da is equal to Uie » tight of the 
cuhimu of hquid edw The upnaid pics 
sure OH the surface i,b la equal to tlic 
weight of a (.'ohiuiD of hquid v b 1 he dif 
ftrenLe betw een the m waiil pre-*s.ure agiiiiet 
cl and thi djwiiwaid piessure on da is the 
weight of a columu of liqiml e b less the 
neight of J coluiiiii of !iqui1 f lao which is 
a column of liquid dc6a (eeio —elco = dcba) 
But a columu of liquid dtba has pretiiscl\ 
the \olume of the solid siibmeigod fherefoie, a sol d is buoyed 
Mp hj a fluid in conaeqiience of t?te unequal premvreg ujion its top 
and bottom at their different depths, and the amo'int of Hie buot/miqf 
is tJie weight of a body of ^^^ ,.^^ 

iha fluid equal in aolume 
to the solid immersed. The 
last proiMSition is gener- 
slly stated as follows r A 
BQlld loses t>( ineiijht as 
the weight of the 

■id it displaces. 




I 
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Ksperlment 4. Tlie last 
statement may be verifled 
iritb apparatus like that 
Khown 111 Figure Ofi. Fill tlie 
vessel A till tlie liquid ovt:r- 
flows at B. After the over- 
flow ceases, place a vessel c 
jniler the nozzle. Suspend 

Btone from tbe balance-beam B, and weigh it in iiir, and the, 
'ftilly lower it Into tlie liquid, when some of the liquid will How 1 
Ulfi YjBj'}"'! e. The vessul c haviug been weighed wlien empLJ^ 



arolgh It again with Us liquid contents, and It will b« Toand Ih&l iu 

IcrcttBC 111 wulght is ju^t uqual to tlie lass of weight of the stooe. 

Bspnrlinent 5. Next suHpeod a block of wood that will float ia 

I tl'iuld, and weigh It iu air. Tbeu float it upon tite litinld. mi 

reigh thu liquid displaced as before, sud it will be found thai tbc 

It of the liquid displaced Is ]tut eqnal to the weight of the block 
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ih'xplaces its owh weight of liquid; i^ 
other words, a floating maw WiTI 
iink till it diajilaces an eqval 
iceigkt of the /iywirf, or tiR U 
reaches a depth where tlie bwynni 
force ia equal to its otim weight. 



luvfl of tlic water. IJrop o 
ngnln lliu luvi'l of tlio n 



Kxperiment 6. Next. partlAlIf 
1111 with water a glass (Fig. 67), 
jjiaduatcd iu cubic centimeters lud 
fractions of the same. Note the 
c of the solids Into the water, and 
The dilTereuce between the two levell 
In thu number of cubic centimeters of water that the solid dlsplacea* 
Qui one cubic centimeter of water weighs one gram. Hence, At 
numbtr of euMe ctnlimelert itlnplaced it er/ual to the vxight in jfmju 
(^ tht waUr displaced, uiti) thia is the loss in weight the solid suttaiU 
{« uiuttr. 

There Ir an ailnge that " a pound of feathers weiglia mors 
tlinii a |it)iiiiil of gold." Is there truth in the etatement? 

Kxperiment 7- lustoad of feathers, we will employ a hollow gloli 
^ {Fig. 58) ! lij plate of tlic " pound of gold," we will p,, ^^ 

urpolse b, of any metal whose weight Is 
put equal to thu weight of the globe. Then, when 
e globo and counterpoise are suspended from the 
^poiltc arms of the balance-beam c, the beam will 
'j horizontal. Now place tlie whole on the plate 
a an air-pump, cover with a receiver, and exhaust tiie 
As soon as the exhaustion commeucea, the globe 
B to descend, and at the end of the operatlou the beam Is con 
Hetely tilted. Although the globe aud conuterpoise were both buoyi 
> by the air, it becomes evident, when thin support in removed, thi 
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the globe was buojeil ap more thau the coauU'rpoisi-. u 
vspect from tlie fact tliat it illBpUces more air. 

A [ujund of feathers displaces more air than a pouud or ({oldil 
iind IB therefore buoyed up more by the air; eousequeiitlj- th»l 
IKiiiodof gold, which balances a pound of featlierH iu the airtf 
"■loes not balance them in a vaciium. We If arn [torn thiuexiieri-J 
lient that bodiea tveigh less in air than in a vaeuu7fi, and that! 
>ve never learn the (i"UC weight of u body, excrjit -when tveighed-M 
"t a vacuum. 

It has been stated (page ul) that the deiisitj- of the atmospltL-re 
greatest at the surface of the earth. A body free to move cauiiat dlsrB 
Place more than Its owu weight of a fluid -, therefore a ballooa, which i»j 
a large bag (tiled with a gas about fourteen times lighter than air a 
Sea-level, will rise till the balloon, plus theweight of the ear and cargo,! 
eqoals the weight of the air displaced. The aeronaut, wishing I 
ascend still higher, throws out a portion of bis cargo; wishing to'3 
descend, he allows some of the gas to escape at the top of the balloon I 
l)j means of a valve, which he controls by moans of a cord pass 
through the balloon to the car. 

QUESTIONS. 
. 1. Why Is it dlUlcult to stand In water reaching the neck ? 
W S. Why can a person raiae a stone nnder water, which he can 
% when ont of water ? 
. A piece of cork weighs 5(B; what weight of water does it i 

11 floating ? 
, What weight of mercury will a piece of iron weighing 500* dia- I 



VI. DENSITY AND SPECrFIC ORAVITY. 



-We aponk of a piece of corlt as beinfB 
r than a nail, at the same time that we epcnk of cork afrfl 
light and iron as heavy. This seeming con trail iution i 
ranted for by the different meanings wliieh we attach to thfe 
8 light and heav;/. In Imth cases, light and heamf are used J 
4 of comparison. In tlio former instance, we compar^J 
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the weights of the two particaUr bodies, witlioal MfemioeVk 
volume ; in the latter, we caQ oork light and iroii Jkaot^, hgrf^; 
no particular bodies in view, but beeause we know by esjpaiai» 
that cork is not so dense as iron ; i.6«, a given volmne <rf t/A 
contains less matter than an equal volume of iron. The term 
wefgJU refers simply to the number of gramsy kilograms, ete., 
that a particular body weighs without reference to the materitl 
or the volume. The density of a body can be stated only by 
expressing (or understandii^) two quantities, viz., mass and 
volume. For example, suppose that a block of wood measares 
2 X 10 X 20^ and has a mass of (i .e., weighs) BOO* ; its densil; is 
then g^^g^^^ = 1^ =s 0.75 gram per cubic centimeter. When 
we speak of cork as lighter than iron, it is evident that we axe 
comparing the densities of these two substances* 

§ 63. Specific gravity. — The spedjk gravity of a suhsUxM 
18 the ratio of the density of that svbstance to the density ofcmM/er 
substance assumed as a standard; in other words, it is the num- 
ber which expresses how many times heavier a certain volume of 
a given substance is than an equal volume of another substance. 

To facilitate comparison of densities, imiform standards are 
adopted. Distilled water at its maximum density, at 4® C, is 
the standard of specific gravity for all solids and liquids. In- 
asmuch as one cubic centimeter of water weighs one gram, 
when the weight of one cubic centimeter of any substance is given 
in grams, i.e., when its density is given in its usual metric 
units, the same number also expresses its specific gravity. 
Thus one cubic centimeter of water weighs one gram ; hence 1 
is the specific gravity of water. The density of silver is 10.53* 
per cubic centimeter; hence the specific gravity of silver is 
10.53. The standard for gases is air at the average sea- 
level density, and at a temperature of 0° C. The weight of one 
cubic centimeter of air, under these conditions, is 0.0012932*, 
or about yf^ o^ ^^^ weight of one cubic centimeter of water. 

Let G = the specific gravity of a substance ; D = its density 



in gruns per cuhic centimeter ; V = the volume of n given hodj 
^^>£ it in cubic centimeters; W = the weight of Ihe given \iot3y 
^^kgnma; W == the weight in gi-ums of an equal volume of th« 
^Bandard. Then, as shown above, I> = ^i ami. by defluitioa^ 
^5 = ^^. G ia numerladly equoMoT), and W to V. 

Since tlie loaa of weight of a solid immersed in a liquid it 
^^aatthe weight of an eqaal volume of that liquid, it ib evidenl 
Hjut, if vie divide the ueiglu of a solid in air &y Us loss in wei^hi 
^Hien immersed in water, the quotient will be Us specific gravity. 

graDlte, etc., and weigh encli in air. Partly Oil with water a measur- 
ing-breaker gi'adnated la cable centimeters, and uole the level of tti« 
water. Drop a lump Into the water, and note the level again. Tho 
rise of water, as indicated by the graduated scale, gives the volume 

the formula D = — . Nest weigh each of these lumps submerged In 

luinGfrom the forinuhiG=— . I'lepare blanks, am:! tabulate your 
results thus : — 




Name of 


w 




D 


■ 


W 


Z^. 


W^ 


.?„ 


. 


... 


. 


^t glass. 


435 


134 


3.24 


.09- 


436 


305 


130 


3.34 


.01+ 


3.59 


04- 
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When the result obtained differs from that given in the table of spe- 
cific gravities (see Appendix, page 000), the difference is recorded in 
the column of errors (e). When the former is greater than the latter, it 
is indicated by a plus sign affixed to the number; when less, by the 
minus sign. The results recorded in the column of errors are not nec- 
essarily real errors ; they may indicate the degree of impurity, or some 
peculiar physical condition, of the specimen tested. 

Experiment 2. Obtain good specimens of cork, oak, elm, and poplar 
woods, all of which float on water. Tie to a specimen a piece of leftd 
heavy enough to sink it ; immerse the two, thus attached, in a measur- 
ing-glass, and find the number of cubic centimeters of water displaced by 
them. In the same way find the amount displaced by the lead alone. 
Subtract the amount displaced by the lead from the amount displaced by 
the two, and the remainder will be the amount displaced by the specimen. 

Then, regarding the number of centimeters of water displaced as so 

W 

many grams, apply the formula G = rrry. 

Example. Find the specific gravity of a piece of elm wood. At- 
tach to it a piece of lead weighing (say) 40«. 

The combined solids displace 28.5« of water. 

The lead displaces 3.5^ 

The elm displaces 25.0« 

The elm weighs in air 20.08 

The specific gravity of elm wood is . . . 20.0-^25 =.8. 

Experiment 3. Find the specific gravity of alcohol, a saturated so- 
lution of common salt, sea-water, naphtha, olive-oil, pure milk, and 
mercury in the following manner : ascertain the loss in weight of a 

sinker in each one of these liquids, also in water, and then apply the 

W 
formula G = — , . Here W and W' represent the loss of weight of the 

sinker in the liquid and water respectively. 

Example. Compute the specific gravity of alcohol from the follow- 
in j; data: — 






A piece of marble weighs in air .... 66.80R 
The same weighs in water 36.808 

Loss in water 20.008 

66.808 
The marble weighs in alcohol 40.968 

Loss in alcohol 15.848 




ttMct ttud alcohol, i 
gnvlty of alcohol. 



HYDBOMETEKS" 

tlie weights resjpectlvely of equal volumes of 
iince G=^,.then i^= .TIL', llie spetlflc 



§ 6^ Hydrotnet^rs. — Rxpniment. Take a uulform rod o{ 
llglit wood about a Toot long, and mark off on It a si^alc of equal pnrta. 
A convenient size ia \ inch square, and a siiUt^ible scale Is 
Inches and half inches. Coat the rod with paralBne to pre- 
vent its absorbing water and swelltug. Bore Into the end 
marked zero a hole about 2 inches deep, and drive in bullets 
till the rod will ainfc in water (Fig. 69) Juat to some Inch- 
mark, and stop the euil with parafflne. It it sinks too deep, 
cut off the upper end of the rod. 

Suppose the rod sinks S Uicheij in water; then. If it is j Inch 
square, it displaces 3 cu. in. of water^Tho weight of the 
water displaced must just equal the we^ht of the rod (see 
page 78). Now immerse It in alcohol ; it sinks deeper, say to 
the 10-inch mark ; that is, J^ cu. iu. of alcoliol weigh the same 
as j cu. In. of water; therefore, G = ^=— = .800. If In 

hrine it sinks only 6ilu., G = — = 1,20, 
°i 
Apparatus like that described is called a hydromefer. In- 
stead of a roil of wood, a glass tube is generally used, ter- 
ralnattng In a bulb containing shot or mercury. The tube 
contains a, scale with numbers corresponding, which eyprci<s the specific 
gravity, so that no compututlou Is necessary. Make solutions of 
varions substances, and lest their specific gravity with yoor hydrome- 
ter, and test the accuracy of the results so obtained by other processes. 

The most direct way of finding the specific gravity of liquids 
and gases is by employing vessels that hold definite weights of 
tiie two standards, water or air, and then weighing tlieae vessels 
when filled with other liquids or gases ; and, after deducting the 
weight of the vessel, applying the formula, G = — ■ 

The specific gravity of a solid that is dissolved hy water may 
i found by weighing it in a liquid that will not dissolve 
, n):ck-Balt In naijlitlia); and, having found its speciE 
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it ^ V 

gravity m oompMed with the Hqnid oaed, mdtipfy flrfs vdhtatt by 
the specific gravity of the liqniiL >y ^"^ "v 

0/ an irregidar-ahaped body vux^ he fimnd m atbie emfimcCen bff 

dividing its weight in grams by its densOg. 

W 

Again, fVom the formiila D = — , we have W=Yx D. Hence, 

when the volume and density of a body are ftnown. Us weigkt tn 
grams may be found by multiplying its vohme la atbie ceimme- 
ters by its density. 

\ QUESTIONS AND PROBLEMS.' 

I 1. I low high can snlphoric acid be raised l^ a lifttng-pomp? 

8. What Is the weight of 50> of water in wator? 

8. Ftiul the specific gravity of wax from the following data : wei|^ 
of a gtv(*ii moss of wax in air is 80S; wax and sinker displace 108.68"™ 
of watur ; nhikor alone displaces 14<». 

4. Why (locH a light liquid (e.g., oil), introduced under a heaTler 
liquid (f.f/., water), rise? 

6. (iluNH Is about three times heavier than water; how, then, can a 
glosH tuiui)lt!r liout in water? 

6. How can Iron vessels float in water? 

7. A t)l(>rk of lee containing SOfy^^ is floating on water; how many 
cuhlf! foiithm^terH are out of water? 

8. Will Ice float or sink in alcohol? 

9. How much more matter is there in 500"°^ of sea-water than in 
the same volume of fresh water? 

10. In M)^ of K^)U\ how many cubic centimeters? 

11. What Is the density of gold? 
18. What is the density of cork? 

18. What Is the deusity of air at ordinary pressure, and at a tempera- 
ture of 0^ C? 

14. An irregular piece of marble loses 53^ when weighed in water. 
How many cubic centimeters does it contain? 

15. When will a body sink, and wheu float? 

16. How many cubic centimeters of air at the sea-level does it take 
to weigh as much as 1«»» of water? 

1 Consult the Tables of Specific Gravities, In the Appendix, Section O. 
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QUESTIONS AND PROBLEMS. 

H. naw much will 1* of mnrblc weigh in water? 
IS. What does apiece of lead 20 X 10x5™ weigh? 
IB. What wilt it weigh iu water? 
SO. What will It weigh In mercury? 
31. Wliat becamea of the weight that is lost? 
S3, ir 15K of salt be dlssolfcd In 1' of w&ter, without Increasing Um 
volnrae of the liquid, what will he the apeciflc gravity of Ihc soln- 

UOD? 

53. A mass of lead weighs 1^ Id air. What will it weigh la a. 
VBCuam? 

54. A mass whoso weight tu ^ is Si», weighs in water S6f, and in 
another liquid ST^. What is the specific gravity af the other 
liquid? 

25. A silver spoon, wclghiug 16D<, Is supported by a string in water. 
What part of the weight is austaiued by the sti'iug, aud what part 
SDppoi-ted by the water? 

26. A Ijoat displaces 2iV>™ of water. How much does It weigh? 

27. IfoO'' of stone were placed iii the boat, how much water would 
displace? 
SB. If the boat is capable of ditiplnclug 100''™ of water, what weight 

be placed lu It to sink it? 
Au empty glass globe weighs lOOi; full of air it weighs 102.4^; 
of chlorine gas, it weighs 105.928«. What Is the apeciflc gravity 
of chlorine gaaf 

30. What weight of alcohol can he put Into a vessel whose capacity 
isli. 

!1. You wish to measure out oW of sulphuric acid. To what n 
ber on a beaker graduated lu cubic centimeters will that curi'c- 
spoiid? 

83. State how you would measure out 80k of nitiic acid in a mei 
ing'bcaker. 

33. A raeasuring-beafcer contains 35'^■'^ of naphtha. What is the 
weight of the naphtha? 

34. A lead pipe is carried 2(}"> below the aurbce of water lu a n 
voir. What bursting-force per square centimeter must it be capable of 
sustaining? 

35. A cubical vessel, each of whose sides contains 260O'i™, la filled 
with water. Wliat pressure does its bottom sustain? One ot its sides? 

S8. A solid floats at a certain depth In a liquid when the vessel 
width contains It Is In the air; if the vessel Is placed iu a vacuum, will 
solid sink, rise, or remain stationary? 
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( 05. Motion and rest relatiTv tHBB^ — To m pcnon 
HiliiiK 111 II mllwiiy car, and conftriBg Ih liaoiioB to db|Kli 
111 1li«« rill', ovcrv thing appean to te sK ml: bitt Ik feim dinct 
Ilia itM-ffitiifin t4» (il)J(!cto by the wajside. and at once fae dacoras 
llinf nil ill llii« rnr arv. in moiioo. Matter nay b« at rest vitfa 
ipriMi>tiiH« In (vriiiiii o>)J(x^!t0, aud in nfeotioa in itgaid to oiken. 
M**t(**n ffiif/ n*Ht an' irholly rekUive tenRt, aad inappiiealde to ai 
iiti|ii|i| iHiiiQlitpi-iHi Hpiirt from all othera. We cannot locate an 
iili)i>i| ii\rp|it with ivfcn>ti(!c to another object, nor can we con- 
i'i>hi> nT I hfiiiH*' or )N*nniiiuaice of poaitioo of an object, except 
In iiOMMitii III Miiiiir n\\\{*r ohjoct. The aerouant, moviii^ at the 
ioii> Mj ni^ly niilpN Mil lioiir, knows not that he is moving at all, 
iill lin JitiiKn inviiY fniiii hiH Imlloon, and sees dtiea and towns 
|iit4aiii|i III |iininrnniii iKMiriitli him. 

$ nn All nmilnr in in motion. — There is no tuck tkiHg a$ 

•»' /••'•' I • *f »»♦ thr inn'rn'Mr, There is no use for the word rerf, ex- 

•...|ii III iiiilii'nln. wilh n'fprence to each other, the condition of 
..I.). .1.1 iliMJ iiin iHDviiiir 111 tiie same direction and with the 
.•Hill, wli.iih I'lir r\iiiii|>l(», a Hpan of horses drawing a car- 
li.i.M.. .ii Mil. I Mill I if irii iiiiloM an hour, are at rest with reference 
If. •..II. It I. i III. I iiiiil ihr nirrinjijr. Tlie stars, that compose the 
III. .f 1.1117 •-•iiioinllMllnii't, inniii1.ain punctiliously their i*elative 
|iii.jiii'iiiia. whiln Ihi'v MwiTp with prcMllgious velocities through 
«|Mii.i. I lin pliHior " III. n'Hl" ran only be used in an extremely 
liiiiiii.il aiiiar, iiiiil ill I'litiiiiioii Iniiguage refers only to the condi- 
iimi III MM nli)iM|. with rrlVrrncc to tliat on which it stands, as a 
iiu . ilnrh Ml' II nhip. Of HinfiKM* of tlu* caitii. It is oul}' b}' putting 
i'iiliii'l> Mill. Iff niinil \\\r iiiotioiis of tiu; earth that we can speak 
of any U'lifiilrliil olijrrt as brinj^ at rest. 

Not only Ih llirn* motion of niasH as a whole, or visible me- 
ehaiii(;al motion, iait thorn is a motion of the molecules within 
the mass, — an invisible molecular motion called hecU. We 
cannot see the movements of the molecules of steam, but we 



IT that they exist hy their grent power, manifested in moving 
ttMMaery. 

S €7. Velocity. — TJnifomi and varied motion. — All 
ma^n takes time ; beace the term velocity, whidi refers to the 
^poee trav«-«erf in a unit of time. Motion may be uniform or 
varied : miformy when an object traverses Buccesaively equal 
spaces in all equal interralH of time; varied, when unequal 
spaces are traversed in anj' equal inten-als of time. Varied 
motion may be accelerated or retai-ded : ficcelerated, wlien the 
spaces traversed inci-ease at each successive intenal of time : 
retarded, when they diminish. The motion of a train of ears, in 
starting from a station, is at first accelerated, afterwards nearly 

(inform, and wbeQ tile brakes are applied, it becomes retarded. 
[The velocity of a body having accelerated or retarded motion 
kn be given only at some definite point by an estimate of the 
istance it \oould traverse in a unit of time, were it to continue 
in uniform motion at the ajieed it has at that point. For in- 
stance, a railway train passes us, and wc estimate that its 
ilocity is 30 miles an hour, althougli in a few minutes its 
sed may be reduceil to 10 miles an hour, and a little later it 
fay come to rest. When we assign a velocity of .30 miles an 
B have no thought of whether it will run 30 miles during 
e next hour, or whether it will run an hour; we mean that, 
raid it retain its present speed, it will be 30 miles away fixim 
^ftt the end of on hour. 

Vin. FIRST LAW OF MOTION. — INERTIA. 

', what is it that sets in motion that which was previously 

I rest? We may call it force; but what idea does this terra 

Ttvey? Let us question our own experience. We leave an 

$le lying upon a table ; have we not entire confldenoe that it 

11 continue to lie there, unless disturbed by some other body? 

returning we And it gone, arc we not sure that it has been 

loved by the action of some body otlier tlian itself i" Ad , 
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apple falls to the groand, and although the action is one of llie 
most mysterious in all nature, yet do we not almost instincthrdy 
trace the cause to some action between the apple and the earth? 
The ball at rest is put in motion by a bat ; but most not the hat 
first be put iu motion ? And when we find the cause of its mo-, 
tion, is it not an antecedent motion in some other object? We 
conclude, then (1), that motion cannot originate in an citjed 
isolated from all others^ hut it always arises from mutual action 
between two bodies. 

Again, the bat, having received motion, is cax)able of impart- 
ing motion to the ball ; but, having set in motion one ball, is it 
equally capable of putting in motion another ball? Can a mass 
impait motion and retain all its motion? Is it not like a com- 
mercial transaction, a trade, to which there are two parties, one 
a buyer and the other a seller? that is, are not all transactions 
between the parties (i.e., the mover and the moved) of the na- 
ture of a transfer, which should be entered on the debit side of 
one's account, and the credit side of the other's? We conclude 
(2) that motion in one body is caused only by another hodrfs 
jxirting icith some of its power of producing motion. 

If a sled, on which a child is sitting, is suddenly put in mo- 
tion, the child is left in the place from which the sled started. 
If the child and sled are both in motion, and the sled is sud- 
denly stopped, the child lands some distance ahead. If the 
sled is started slowly, the child partakes of the motion of the 
sled, and is carried along with it ; and if the sled gradually 
stops, the chikUs motion is gradually checked, and it retains its 
place on the sled. This shows (3) that masses of matter receive 
motion gradually and surrender it gradually. 

Even very small l)odies require time to start and to stop. The sand- 
blast, employed for enjrraviiijjj figures on glass, furnishes a fine illus- 
tration of this fact. A box of fine quartz-sand is placed in an elevated 
position. A long tul)e extends vertically down from the bottom of this 
box. The plate of glass to be engraved is covered with a thin layer of 
melted wax. When cool, the design is sketched with a sharp-pointed 
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ment, in the was, leaving tlie glass exposed only where the lines 
ire traced. The plaii; Is then pUced heneath the uriSi^ of the tube, 
sad exposed t<i a shower of sand. The velocity of the saiid-^raliDt Is 
ui>l at its maximiiin at the start, but is constantly aceelemtcd dll they 
reach tlie plate, where their velocity ia turn Is gradually given up. 
Tlie wax, on acconnt of Its yielding nature, grsdnally brings them to 
rtst; hut tha glass, notwitlistaudliig Its hardness, cannot stop them 
(laite at it» surface; and, therefore. It snTers a chipping action from 
tlie sand. Thus the soft wax affords a protectlop from the action of 
the IWiug sand of all ports except tliosc intruded to he cut. A still 
l,Teater forcv Is gtjiicralty given to the saud by steam blown through 
the tube. For tills reason the apparatus Is called a sand'blaat. Hard 
metals like steel aru engraved iu the same in&uner. Yet the huud 
may be held in the blast several seconds without liijiwy, (What is the 
dUferencc in the effects of catching a base-ball with tiauds held rigidly 

Rinded, and allowing the hands to yield somewhat to the oiotiou of 
IwiUV) 
toll a marble on a carjjet, — it soon stops ; roll it on a smooth 
marble floor, — it rolls much farther. On a perfectlj" smooth aur- 
faee it might roll for hours. If we could provide such n surface, 
and dispense with the resistance of the air, how long would it 
roll? These conditions are impracticable? True. But have 
uot the heavenly bodies rolled for millions of yeara through frie- 
tionless space, unchecked because unimpeded? 

Uotion unobstructed is perpetual, Slotion undisturbed is in a 
gilt line. Along which will a marble roll more nearly in a 
b^ht line, a smooth or u rough Hoor? What if tiie floor were 
Hbctly smooth ? 

Ithe relations between matter and force are admirably and 
icisely expressed iu wliat are kuown as I^ewton's Three Laws 
Motion. 

I 68. First Lsw^ of Motdon. — A body at rest remains at 
, and a body in motion, moves with uniform velocity in a 

^gfU line, unless acted itjiott by some external force to change 
nndttion. 

It part of the law which pertains to motion is brieUy snmmarlEed tn 
linmltiar expression, '' perpetunl motion." " Is perpetual motion pos' 
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Bible?" has been often ftsked Tbeaoaweria simple, — Tes, moreUun 
possible, nettuarg, i/nii/oref inler/erea to prtBent. What has apetwo 
U) do who would cstAblbli perpetual rootiun? Isolate & moving builj 
from Interference of all titerual farces, snch aa gravity, friction, and 
PnslHtsDCe of the air. Cun the eondiliOH befa(jaie4f 

In coosequeucc of its utter inability to put itself in motion ot 
stop itself, every liody of matter tends to remain in the stals 
lat it is in with lefcrence to motion or rest ; tliis inability is 

Mled ineHia. Evidently the term otigbt never to be employwl 
> denote a hindrance to motion or rest. The First Law ot 

UottoQ ie often appi-opriatclj- called the Law of Inertia. 

IX. SECOND LAW OF MOTION, AND APPLICATIONS, 
If a person wished to describe to you the motion of a liall 
(truck by a bat, he would be obliged to tell you three thinga: 
[ (1 ) xo/iere it started, (2) iu u-Itat dii-eetion it moved, attd (3) kw. 
far it loenC. Tbeee three eBaential 
elements may be represented grapttH 
calty by lines. Thus, suppose ball* 
at A and D (Fig. 70) to be struck 
by bats, and that they move respcft-. 
e second. Then the points A and D are 
their starting-potnts ; the lines A B and D E represent the direo* 
ticra of their motions, and the lengths of the lines represent botfl 
the distances traversed and the relative intensities of the forceii 
applied. In reading, the direction should be indicated by the 
order of the letters, as A B and D E. 

Let a force whose intensity may be represented numericalb 
, 8"), acting in the direction AB {Fig. 71). be appliei 
mtinnously to a ball starting at A, and suppose this force cap 
« of moving it to B in one second ; now, at theendoftliesecoi 
)t a force of the intensity i, directed at right angles to the direo 
I of the former force, act during a second, — it would mow 
tfce ball to C If, however, when the ball is at A, both of thes 
>iild be applied at the same time, tlien at the end of I 




tively to B and E 




e ball will be Toiind at C. 
an intermediate one, 
AC, Still, each force produues id 
effect its own ueparate result, 
M neither alone would carry it to 
-1 but both are required. IIcjicl", 

S 69l Second law of motioo. 

'—A given force has the same effect 
'' producing motion, whether (he 
I ^jf on which it acts is in motion or at rest ; whether it is acted 
n hy that force alone, or by others at the same tivie. 

I 7Ql Ccmipositioa of forces. — It ia evident that a single 
:», applied in the direction AC (Fig. 71), might pivxluce the 

me result tliat is produced by the two forces A B and A D. 
Bach a force is called a resultant. A re»uilant is a single force^ 
llial may he siibstitated for tivo or-more forces, and produce (A* 
mme result that the eofmhined forces produce. The several forces 
that contribute to produce the i-esultant are called its componenlA 
When the components nre given, and the reeidtant require^, ths 
problem is called composition of forces. TJie resultant of two 
forces acting at an angle to eacJi other is always a diagonal of a 
parcUldogram, of which the components form two adjacent sides. 
Thus, the lines AD and AB represent respectively tlie direction 
and relative intensity of each component, and AC represents 
the direction and intensity of the resultant. 

The numerical value of the resultant may be found by com-, 
paring the length of the line AC with the length of either A B 
or AD, whose numerical values arc known. Thus, AC is 2.2$ 
limes AD; hence, the numerical vulue of the resultant AC ia 
4 X 2.23 = 8.02. 

When the components act at right angles to each other, as ia 
Figure 71 , the resultant divides the parallelogram into two equal 
tight-angled triangles ; and the intensity of the resultant may 



I foun<l by caJciiIattng the hypotheDUBe, having two sides of eiflit 
I triaugle given. Thus, v'4' + 8' = 8.9+, tiie nanieiical value ol 
(the resultant AC. 

I Copy upon paper and find Ibe resultant of tlie componeit 
ft A It :m<l A {', iii eneh of l.hi' four ilia^vams in Figure 72. 
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nasigii ai>|>mpnat<; miinericitl vahnis to uaeh eomponent, aud Rn 
the corresponding numerical value of each resultant. 

WheH '««*)■« titan two conijxments are given, find the resultaa 
^ any two of them, then of this resultant and a third, and to A 
till every component has been used. Thus, in Figure 73, ACi 
tlic i-esultaiit of AB and ADj 
;iiid AF is tlie lesultant of A6 
and A£, i.e., of the three foraSI 
AB, AIT, .ind AE. (TnVM* 
Kcveriil problems similar to tllH 
ill wliicli three, four, or m 
forces are to be eombiued, 1 
work out the resiilta.) 

Generally speaking, a motiO 

may be tJte ivsitlt of any n 

^forces. WJnen wo sec a liody in motion, we cannot dcttermli 

^y its hejuivior how many forces have concurred to produce I 

'motion. 

S 71. Reaolution of forces. — Assume that a ball moves 
certain distance hi a certain direction, AC (Fig. 74), and tbt 
one of the forces that produces this motion is represented. J 
intensity and direction, by tb£ Ihic AB; what must be U 
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Sitenjity kdA direction of the oUivr fotw? Siwv AC i 
: -<nibint of two forrp-s ncUng nt aii angtv to rftth othvr <f 7l 
]L id the diagonal of si ^Miral- 
IJek^m of which Ali is om- 
te sides. From f, iJraw 
> parallel iin<i L-<iual to 
I, and complolc tJi« i>«r- 
y eou noting 
fc|idnte B and C, »n<! A 

|l D. Tben, nuconling to Ihc [ii'iii(-i|>li' uf coui|xmIU(>ii ofj 

m, AD nrpreM-iiU tho iiiteD§ity and flirwtiou of ttui fui 

4i, f»mbtn«'i1 with tltc forc« Alt. would iitovc llic Imlt fron 

I'AtuC. The coin|)onent AB l>eiti^ given, no oUuTitinglc fonig 

'Ian AD will satisfy- the <)UC8tion 

Had the queation been. What Torres cnn jiixhIuoo the motion 
AC? au infinite number of answere tni^lit \n> given. In a like 
manner, if the ^ueetion were, WImt nuiiitfers added toffctlinr 
will pnxhice 50? the answer might ho 20 + 30, 40+ HI, H) + 
:'()+10, and so on, ad ivfinitum; liiit if tlic qtu'iition were, 
Wliat uumlwr nddei] to 30 will i)i-oduco 50? only one answer 
Ninlil lie given. 

Kxpeiiinent. Verify llie piw.'.lliiL' (imixi'iiii'ms hi iIh' fnllnwiiin 
mimner: From [legs A antt B ^ 

Fig, 75). in the frame of a 
i';ackl)uard, suappnil a knuwii 
nciglit W, (say) 10 poinida, bj 
nieana of two strings con- 
nci'ted at C. In cacli of these 
firings insert tljnamo meters ' 
I and y. Traceupon tlie blaok- 
hijard sliort line alonj^ tlic 
-trlngs from tlie point C. to 
ilitllcat* tlie direction of tlif 
iwo component forces; also 
tLncp the line CD, in continual 
iliroKtion and intensity of tlie rci 
B 'IirnHmom«i*,/"rfc-in<'nimrer. Tl 
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extend the lines (as Ca and C&), and on these oonstnicta panUelogiiB, 
from the extremities of the line CD regarded as a diagonal It will 
1)0 found that 10: number of pounds indicated by the dynamometer 
X :: C\): Ca; also that 10 : number of pounds indicated by the dytt- 
momctcr ^ : : C D : C&. Again, it is plain that a single force of U^ 
pounds must act in the direction C D to produce the same result ttitli 
produced by the two components. Hence, voKen two sides ofaparaUdth 
gram represent the iniensUif and direction of two component fanett (fte 
diagonal represents the resultant. Vary the problem by suspending tiie 
HtrlngH from diflfbrcnt points, as E and F, A and F, etc. 

§ 72. OompoBition of parallel forces. — If thestrii^CA 
iiihI CH (Fig. 75) are brought near to each other, as whensos- 
IMMuU'd from B and K, so that the angle formed by them is 
diminisluul, the comiK)neiit forces, as indicated by the dynft- 
inoinetors, will decrease, till the two forces become parallel, 
when the sum of the components just equals the weight W. 
1 Ii'Hcc, ( 1 ) ttoo 07' more forces applied to a body ctct to the greaUtt 
(tdrantage token they are parallel^ and in the same direction^ w 
v'hit'h ntse their resultant equals their sum. 

On the other hand, if the strings are separated from each 
other, so lis to increase the angle formed by them, the forces 
necessary to sui)port the weight increase until they become ex- 
actly opposite each other, when the two forces neutralize each 
(filler, and none is exerted in an upward direction to support the 
weight. If the two strings are attached to op]X)site sides of the 
weight (the weight being supported by a third string), and 
l)ulled with equal force, the weight does not move. But if one 
is pulled with a force of 15 ix>unds, and the other with a force 
of 10 pounds, the weight moves in the direction of the greater 
force ; and if a third dynamometer is attached to the weight, on 
the side of the weaker force, it is found that an additional for(*c 
of 5 pounds must be applied to prevent motion. Hence, (2) 
when two or more forces are aj^plied to a body^ they act to greater 
(h'sadva^itage the farther their directions are removed from one 
another; and the result of parallel forces acting in opposite direc- 
tions is motion in the direction of the greaXer foroe^ proportionate 
to their difference. 




When parallel forc>efl nrc not npptre'l nt tlir Mtmf jKHiit, 
qiiralion arises, What irlll Iw ttio point of npplirittiiiii of Uicir ' 
tiisultant? To the opposite est rem i tips or n bur A B upply two 
sets of weightB, which 
liall be to eswh other aa 
..: 1. The rcsllIUint is a 
-lugie force, applied nt 
't'me poiut l>etweeii A 
:ind B. To find this 
jioiut it ia only necessary 
lo find a point where a single force, applied in on opixmltA 
direction, will pi'event motion reMiIting from the imrnllcl rorcr» ; 
in other words, to find a point wlierc a support may 1>c applied 
80 that the whole will be balanced. Tliat jioint ia found by trial 
to be at the point C. wliich divides tlie bar into two parts so 
that AC : CB:: I :3. Hence, (3) rcken lico paralM fon^a ud 
npan n body in the same dirtction , the di»(ancca o/ their points of 
ttppliccUion from the point of aj^ication of their reauiUuU art. 
inversely as llieir intensities. 

The dynamometer £ indicates that a force cfpial to the sum 
of the two sets of weights is neccssarj- to balance the two forces. 
A force whose effect is to balance the efTects of several ecrapo- 
nents is called an equUibrant. Tlie resultant of the two com- 
ponents is a single force, equal 
to their sum, applied at C 
~^ Kjtion CD. 




1$ 73> Oouple. — If two equal. 

mllel. and opposite forces are 

iplied to opposite extremities of 

kstick AB (Fig. 77), no single 

force can be applied so as to keep the sticic from moving ; there I 

will be no motion of translation, but simply a rotdtion arotrnd I 

its middle point C. Such a pair of forces, equal, parallel, ai^.J 

BDpjxisite, is called a couple. 
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PROBLEMS, ETC. 

1. A man and a boy, grasping opposite ends of a pole 8°^ long, sop- 
port thereon a weight of 50^ between them. Where should the weight 
be placed that the boy may support 20^? 

2. If the weight were placed 40"n iVom the man, how much would 
each support? 

8. Suppose tluit a boat is headed directly across a river half a mile 
wide, and is rowed with a velocity that would land it upon the opposite 
shore in half an hour, if there were no current ; but the current carries 
the 1)oat down the stream at the rate of one mile an hour. Where will 
the boat land? ' 

4. How far will it travel? 

6. How long will it be in crossing the river? 

6. How would you manage to land the boat at a point exactly oppo- 
site its startiiig-poiut? 

7. Find, both by construction and calculation, the intensity of two 
forces, acting at right angles to each other, that will support a weight 
of 15 pounds. 

8. Verify the results with dynamometers. 

X. OTHER APPLICATIONS OF THE SECOND LAW OF MO- 
TION. —CENTER OF GRAVITY. 

Let Figure 78 represent any body of matter ; for instance, a 

stone. Every moleeule of tlie body is acted upon by the force 

y^,, -^ of gravity ; the intensity of this force is 

measured by the weight of the molecule. 
The forces of gravity of all the molecules 
form a set of parallel forces acting verti- 
cally downward, the resultant of which 
equals their sum, and has the same direction 
as its components. The resultant has a 
definite point of application in whatever 
pi position the body may be, and this point 

is called its center of gravity. The center 
^f gravity (e.g.) of a body is, therefore, the point of application 
of the resultant of all these forces; and for many purposes the 
whole weight (>f the body may be supposed to be concentrated at 
its center of gravity. 




OSKTBl OF OnATTTT. 



Let G io the fJgnrc ropr»*«il this jmlnt. For tmnr pntctii 
(mrpgsM, tihi?n, we m(iy consiili-r that grsTily bpI* "uU ujio 
|ioint, and in the direction G F. If tin- xtono fulU fni-lj 
|ximt cftnnot, iu obedience to Uie lii-st Inw of tnulion. <li 
Injjo a vertical pntb, however miieti Ihr- IhxIv mnr rotnto dnHng 
iii fall. Inasmncb, then, aa tlie e.g. of a fnlUn^ Iimly nlwitm 
ileacril>es a definite patli. a lino (i K tlwt rL<{>rcBcntfi Uiia pftUi, 
(^r tlie path in which a body supported tciiilH to move. Is caJli.*d 
tiie line of direction. 

Il is evident that if a force erjiial to it* own weight and 
•iliposite in direction is appHcd to a liody anywhere in th« lino 
of direction (or ita coutinuation), tliis force will be tlio «pii- 
libront of the forces of gravity ; in other words, tlie body sub. 
jvcled to such a force is in eqiiilibriuni, and is said to I>e aup- 
imTted, and Uie eqiiltibrarU is called its aiijipttrtiug foi-ce. To, 
''qi}xirt any bodi/, then, i( in only nnc-itsaary to provide u vu/iiiort 
f'lr Us c^tnUi- of gravity. Tlie supporting force must Ix- applied 
somewhere in the line of direction, otherwise the body will fall. 

Experiment. — Place a allele of wood, two meters long, horlzoDtalljr 

scross the tip end of a. Aogc-r. When you siicceed In getting the finger 

liii'ecUy under its e.g., U will rest, but not Itll then. Tlie dinicitlty of 

ImiBirg a book, or any other object, on the end of a flnger, coukIhIs 

. nliuUy In beeping the support under the center of gravity. 

I Figure 79 represents a toy called a "witch," consisting of a 
I cyUnder of pith terminating in a p,^ -n 

iitmisphere of lead. The toy will not 
' lie in the position shown in the figure 

'111 a horizontal surface ab, because 

';ie support ia not applied immediately 

..ader its e.g. at G ; but, when placed horizontally, it immedi- 

P assumes a vertical position. It appears to the obsen-er 
e ; but, regai-ded iu a mechanical sense, it really falls, be- 
lts e.g., where all the weight is supposed to 
1, takes a lower ijositioo. 
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Whether a body will stand or fall depends upon wkeHier o\ 
I U« line of direction fails wUliin its base. The base of a body 1 
^ not necessarily limited to that part of tlje under surface of a bod 
I that toncliea its support. For example, pluce a string aroiin 
r the four legs of a table dose to the floor : the rectangular figui 
I bounded bj- the string is the base of tbe table, (What is ti 
1 base of a man when standing on one foot? on two feet?) 

§ 74, How to find the center of gravity of a body. 

Kxperliiient. Attafli a string to a potato by means of a tack, as 

yisure 80, niirt Hiispoud from tlie liautl. When the potato comes lo tt 

' FXe. 80. iliere will be an eqiillibrittiii ot forces, * 

ttie e.g. miiHt he Id tlie same line witli t 

equltibraiil of gravity ; hence, If a knlltln 

needle is tlirnst vertically through the f 

tato from a, so as to represent a contiat 

tlou of the vertical line on, the e.g. mi 

lie somewhere in the path nn made tiy f 

needle. Suspend the potato from 80i 

other point, as b, and a needle thmst vei 

cally through the potato from h will a) 

pass through the e.g. Since the e.g. 1 

in both the lines nn and ba. It must be at 

their point of intersection. It will be found that, from whatever pol 

the potato is supported, the point c will always be vertically under 

F point of support. On tlie same prluclple the e.g. ot any body is f oni 

t But the e.g. of a body may uot be coincident with any particle of 

I' body ; for example, the e.g. of a ring, a hollow sphere, etc. 

§75. Three states of equilibrium. — The freight of 
[ body is a force tending downward ; hence, a body tends to 
I sume a position such that its e.g. ivill be as low as possible. 

Experiment 1, Try to support a ring on the end of a stick, at 

6 (Fig. 81). It yoti can Iteep the support exactly under the e.g. of 

r*tng, there will be an eqnilibrliun of forces, and the ring will remain 

f rest. But if it is sUghtly disturbed, the eqnlllbrlum will be destroj 

r and the ring will fall. Support It at a ; in this position Its e.g. Is 

s possible, and any disturbance will raise Its e.g. ; but, In coi 




BTABTUTV OF BODOB. 



ru 1 



f tlic 

i 



« or Uie t«nde»ry of Uw eg. U> get u (ow ■• powlbk. It « 
lukkl)' fall back Into lu original pcwltloD. 

A body ia said to be in ntnbl' oqiiilibriiitu. i/ iU pcwitfaH) 
sucb Ihai a diBturbaiic* would nii»c its 
".g., since in that eveut it would lend to 
return bo its OTi^mU (losition. Un tlK' 
otLpr band, a I>od; ia naltl to Im in un- 
itiililt equilibrium wkeii a iliaturliatice 
woilIiI lower its e.g., since it would ma 
iLturn to its original jwaitioii. 

A body is said to be in neutral or I'n- 
'lifferent ei^uitibi-him when it resta equally 
nell in any position llmt it may be 
|jl3c«l. A sphere of nniform density, 
resting on a hori;!otital plane, is in ncntral equilibrinm, Ih-iuum 
its e.g. is neither raised nor lowered Iiy a chango of base. Like- 
wise, when the siipimrt is applied at the e.g., ns wltcu a wliciil ' 
is supported by an axle, the body is in neutral equilibrium. 

It is evident that, if the cj. is below lite support, as in the last 
csperiment with tlie ring, the eqiiiUbrium must be atahU; but. as 
m Figure 80, a body may l>e in stable equilibrium, tliougli (ta 
e.g. is above the jwhit of support. (When is this i>oBsiblc'') 

It is diflScult to balance a lead-pondl on tlic end of a lin|;Gri 
but by attaching two knives to it, as in Figure R2, 
tlic e.g. may be brought below the supiwrt, and it 

ly then be rocked to and fro without falling. 




_J 5 76. Stability of bodies. — The ease or dilli- 
culty with which bodies supported at tlieir bases arc 
'jvertumed depends upon the bight to which their 
e.g. must be raised in overturning them. The let- 
ter c (Fig. 83) marks the position of the e.g. of each of the four 
bodies A, B, C, and D. To turn any one of these bodies over, 
I itB e.g. must pass through the are ct, and be raised through the 
^M%ht at. By comparing A with B, and supposing them to Iw 
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of equal wi^igbt, we learn that of (jw hoAim of egual kigU awl 
weight, the r.ij. of that body tohick has the larger ba»e nitat H 
raised higher, and ia, tJierefore, overturned m'th greater ilifflailtj. 
A eom[iarisoD of A and C, eupposing them to be of eqiMfl 
weight, shows that wften tioo bodies have equal bases and vxigi 
tlte higher body is more easily overturTted. D mid C have eq 
baaoB aud higlite, but D is made lieavy at the bottom, and tiiift 
lowers its e.g. and gives il greater stability. 




QUESTIONS. 



1. Where Ib the e.g. of a box? 

S. Why 1» a pyminid a very stable structure ? 

5. Wliat is the object of ballast in a vcsae] 7 
4. State several ways of giving stability to an inkstand? 

G. (a) In wlinl position would you place a eoue on a liorlzontsl 
plane, tliat it may be In stable equilibrium ? (b) Tlint It may be io neu- 
tral equilibrium ? (c) That it may be iu unstable equilibrium ? 

6. In loading a wagon, where should the heavy luggage be placed ? 
Why? 

7- Why are bipeds slower in learning to walk than (juadnipeds ? 
8. Why Is mercury placed in the bulb of a hydrometer ? 
8. How will a man rising in a boat aiTect its stability ? 
10. Which is more liable to be overturned, a load of hay or a load of 

t atone of equal weight ? 
11. (d) How would yon place a book upon a table, that it may be Id 
stable equilibrium ? (b) That it may be In unstable equilibrtumf 



4 




CURVnjNBAE MO] 



OTHER APPLICATIONS OF THE SECOND LAW OFJ 

MOTION. —CUHViLINEAB MOTION. 

Aecortling to tlie firat law of motioii, every moi'ing l«xly pi-o- 1 

isiii a Btraiglit line, unlesa compelled to ilepait from it by J 

e external force. If the cxtcinal foi'ce is contiiuioiiB, / 

!a at every poiut, the direction is changed at every |>oiiit, and J 

le result is a curvilinear motion ; and if the force is conetaut, { 

and acta at right angles to tlie patli, the curve becomes a circle. 

Thus, suppose a Imll at A (Fig. 84), suapeniled liy a string from ■ 
point J, to be struck by a bat, In a manuer that would cuuse It to movftfl 
in the (llrectian Ao. At the same time it is restrained from takiug tliat J 
path by the tension of the string, which 
operates like a force drawing it towarJ 
<t. It therefore takea, lit ol>ed!ence to 
I lie two forces, an Intermediate course 
toward e. At f. \\s motion is iu the di- 
rection cu, in which path It would move, 
Imt for tlie string, in acconlancc with 
the flrst law of motion. Here, again, i 
is compelled to take an Intermediate | 
path toward e. Tims, at every point, 
tlie tendency of the moving body Is to 
preserve the direction 11 has at that | 
point, and conseijiicntly to more 1i 
Htralght line. Tlie only reason it does 

not so move, Is ihat it Is at every point forced from its natural path 
by the pull of the string. But If, when the ball reaches the point (, 
the string Is cut, the ball, iiaving no force operating to change its mo- 
tion, continues In the direction In which It is moving at that polut; ' 
i.e., in the direction ih, which Is a taugcut to \Xh former circular path. 

This tendency of a body moving iu a curvilinear path to fly j 

off in a straight line ha^ l>een en'oneotisly attributed to a supnl 

IXHed "centrifugal force," which is constantly urging it away4 

fh>m tlie center, its escape tteing prevented only by a forced 

I pulling it toward the center. 1 

L Centi'ifagal force has in reality no existence ; the rosnlU! that J 
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are oommonly attributed to it are due entirdy ta llie tnideiM^ 
of moving bodies to move in straight lines in ocmseqnence of 
tlieir ineitia. If a moving bodj' is to describe a corviliiietf 
patli, a force called a centripetcd force must be constantly appGei 
to it at an angle to its otherwise straight path. [We shall make 
use of the expression centri/ngdl farce for want of a better one^ 
and because it has obtained universal currency.] 

The gi*eater the velocity of the moving body, the greater muB^ 
be the forc^ applied to produce a given departure ftom a straigU^ 
line. This may be shown by suspending a weight to a dyn^^' 
mometer, and swinging them about the hand- If, when ^^ 
revolutions are made in a minute, the force, as indicated by iStm- ^ 
d^^namomctcr, is 4 pounds, then, on doubling its velocity, tiip- 
force will be increased to 16 pounds. If the weight is double 
and the velocity remains the same, this force will be doubl 
Hence, to pi'oduce circular motion^ the centripetal force mwi 
increased as the square of the velocity increa^ses^ and as the 
inci*eases. 

The farther a point is fix)m the axis of motion,^ the farther i 
has to move during a rotation, consequently the greater i 
velocity. Hence, bodies situated at the earth's equator hav 
the greatest velocity, due to the earth's rotation, and consequent! 
the greatest tendency to % off from the surface, the effect o 
which is to neutralize, in some measure, the force of gravity. I 
is calculated that a bod}' weighs about y|-y less at the equator tha 
at either pole, in consequence of the greater centrifugal foi^ce Bt:^ 
the former place. But 289 is the square of 17 ; hence, if the^ 
earth's velocity were increased seventeen-fold, objects at the? 
equator would weigh nothing. 

We have also learneil (page 22) that a body weighs more at 
the poles in consequence of the oblateness of the earth. This 
is estimated to make a difference of about j^j^. Hence, a body 
will weigh at the equator about ^^ + ^fy = yj^ less than at the 
poles. 

1 Axi8f an inmginary straight line passing through a body about which it rotates. 




Questions. 



IM 



■t. Arrange some kind of rotating apparatus. t.g.. A, ] 
FigDre B4. Suspend a skein of threat! n by a string, and rotate; It 
assumes the shape of the oblate spheroiil a'. This illustrates the 
lirobable method by which the earth, on the supposition tliat it was 
DDceinn fluid state, assumed Its present spheroidal stale, (Explain.) 
SiKpenil a glass fish aquarium e, about one-tenth full of colored water. 
s.Dd TDtate. The liquid gradually leaves the bottom, rises, and forms an 



Fig. 8S. 




*<)1atoria! ring within the glass. Pass a string through the lougest 
''iatneter of an onion c, and rotate ; the onion gradually changes its 



P'isition so as to rotate on its shortest a 



eIs. (Explaiu.) A chain b 



QUESTIONS, 



. Why does not the sphere <l (Fig. 85) change its position when 
•"itated? 

2. Wliy does the earth rotate on its shortest axis? 

5. State tlie various facts illustrated in the act of slinging a stone. 

4. (a) When will water and mud fly off from the surface of a re- 
volving wheel? (6) Why do they fly off? (c) In what direction do 
they fly ? 

6. What is the Ibrce that keeps the earth and tlic otlicr phiiiets in 
tlieir orbits? 

6, Uow do yon account for their curvilinear motiouF 
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XII. OTHER AmiCATiOSS OF TBB SBOOKD LAW OF 
MOTIOX.— ACCELERATED ASD RETARDED MOTIOV. 

f 77. Aooelerated moticm or TOlocily. — So Ikr Hie oidj 
ease of motion under the actioo of m continiiODB f ofoe tlMt we 
liave Btndied is that of eoiriliBettr moHoD, in which tiie foiee 
acts at an angle to the directioo of the motion at eTeiy point, 
and M> the direction of the force is constantly changing ; but if 
the motion takes place in the same stra^^ line as that in which 
the force acts, we shall have one of the cases of varied wdtioa 
referred to on page 87. 

Even if several men push against a heavy car we may be un- 
able to reci^ize an}' motion for two or three seconds ; but, tf 
tliey continac to exert force upon the car, it will move with 
greater and greater velocity until the resisting force (whidi in- 
ereasos with the velocity) becomes equal to that applied by tlie 
men. Tliis contiiiuall}' increasing velocity is termed accder- 
(Ued veUtcity. 

The most familiar illustration is that of falling bodies. We 
are sufliciently aware of the diflferenee in tlie results that would 
follow a jump from a fifth-story window and a jump from a 
first-story window. Inasmuch as the velocity of falling bodies 
is so great that there is not time for accurate ol>3ervatiou during 
their fall, we must resort to some method of checking their 
veUx;ity, without otherwise changing the chai-acter of the fall. 

Kxperlment. Take a smooth board ^Fig. 86), al)ont 4« long, and 
place it so that oue end sliall be al>out 4«» higher than the other. Sus- 
pend within easy view 
^|g^2^^^^^^^^^ a string (about l"loiig) 

and ball, as a pendu- 
lum. Set it In vibra- 
tion, and, at the instant 
the ball reaches one extremity of its arc, let a marble begin to roll 
down the inclined plane. I>et another person mark the point on the 
board that the ball reaches at the end of one swing of the pendnluni. 
Repeat the o|>eration several times, and mark the points that it reaches 
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at the end of the second and third Kwlng[H: al^i wrify tlie |in*«*rclliii: 
points by several trials; if there is a diflureiice, talic* tlu* iiiraii (li.H- 
tance between the points obtaineil at the eiiil of n ^iveii swiii^ for au 
approximate result. If the experiment Ls coiidiieteil with rnn*. it will 
befonnd that during the first swing, which we call a iniit (»r tiiiit* (T^ 
tlie marble moves through a certain s|>ace» which we n'|)res4*iit hy tlie 
expression \k; during the second uult of time it moves thn>iii;li ]k\ 
three times the space that It did In the first unit 4>f time; and durin:; 
the tliird unit of time it moves through ] k\ 

Arrange the results of your observations In a tai>ulated fonn :in r<il- 
lows : — 



Xo. of units of 
time. 


Total distance 
passed over. 


Distance passed 
over in eacli 
unit; also ar- 
erage rtlttcity. 


Increase ut ve- 

UKTlty in ca.!. ^ • '^l*)' »« »»•;' 
unit, !.«'., «r- . 
Cf if ration. . """" 


1 
2 
3 
4 
etc. 


li\k) 
4 " 

- 

IG " 
etc. 


\(\k) 2{\k) 1 2{\k) 
3 »• . 2 *' 4 ♦• 

6 »♦ i 2 ♦• •; 

7 44 2 '• s •• 

etc. etc. ' <'t<'. 

1 

1 



Tlie marble, under the influence of giavity, starts from a 
state of rest, and moves through one space in a unit of time. 
Gravity, continuing to act, accomplishes no more uoi* less dui*- 
incr any subsequent unit of time. But the marMe moves tliiough 
three spaces during the second unit; heuee, two of the spaces 
must be due to the motion it had acquiivd during tlu» first unit. 
In other woixls, if the action of gi*avity were suspended at tlu» 
end of the first unit, the marble would still move on. and would 
pass through two spaces during the second unit. It therefore 
lias at the end of the first unit a velocity (V) of two spaces (A). 
But it started from a state of rest ; hence the constant action of 
gi*avity causes, during the first unit, an acceleration of velocity 
equal to two spaces (A*) ; and it causes the same acceleration 
duiing every subsequent unit. The distance k is called the ac- 
celeration due to the constant force. A body impelled hy a single 
constant fitrcey and encountering no remtances^ ahoays lias a 
uniformly accelerated motion. 
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$ 78. Formula4Bi for nziifbmily acceleratBd motkiL- 

ir w<; H'proHctnt the cliHtance traveraecl daring a giren unit of 
linM! by j(, ami the tr>tal dUtance the body has accompliaheil 
tr(m\ Ui<! cxitHct to the end of a given anitof time by 8. we hm 
i\ui fVillowin^ formulas for solving problems of imifonnly acfid- 

orated nu>tion • — 

(1) V=(JJkx2T)=*T. 

(2) » = lJk(2T-l). 

(3) S = ifcT', orS = J^T*. (See§:9.) 

S 79. Velocity of a falling body independent of its 
mann and kind of matter. — If we grasp a coin and a feather 
iMtwcf-ii th(t thiirnl) and finger, and release both at tlie same in- 
Hliint, th(t coin will reach tlie floor first. It would seem as 
though ;i licavy Inxly falls faster than a light ImxIv. Galileo was 
i\w (irHt to show the falsity of this assumption. He let drop 
from uii eminence; iron balls of different weights: they all 
ri'uc\u'f\ the ground at the same instant. Hence he eonelu(k(l< 
I hill, fhf rclnritii nf a fidlinfj IjfMly is iiuh/tendent of its moss, (This 
rclrlH'iihrl cxiK-nmi'iit .shouhl l)e repeated by everj* student.) 

Ill- III o (hc)|)|)((l l)Jills of wax witli the iron balls. The iron 
l»;ill-t rejiclieil the jrronnd first. Are some kinds of matter atTecttil 
iiirnT Mlrou<'lv '>v irnivibition tluin othera? If a coin ami a 
IrMlli* r Jire pljiced in :i lon<i; glass tulx? (Fig. 87), ami l!ic 
jiir cxiijuisted, and the tiilx; turned end for end, it wil. 
In- round thjit tin; coin and the feather will fall with eqiuil 
vrlocitics. IIen(!e. fji'dcity attrarts all matter alike; but 
iujisiniieh as a wax ball presents, aceonling to the amounl 
of matter in (raeh, more snrfarre for resistance of the air 
than an iron hjill. it falls more slowly. We conclude, 
therefore, that all bodies fall with equal velocities in « 

vfU'Jiifyn. 

Wium tiui bfxly falls freely, and the unit of time is one 

He(;ond, we use the letter g instead of k to represent tlie 

acceleration. Kx p<'ri men ts show that in the latitude of 

all the Northern States the value of g is 9.8™, or about 

32 j a. ; that is, tJic velocity j^iducd \t U\e ^ove^i o€ ^TO.vitY acts 
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uoe second ia 9. 8" i>er seoontl, and tlii.' budy would fall Id tb« 
firal second 4.9"" or IG^ fL 

iSO. Retarded Motion. — If we reverse the order of tha 
Enures io Figun: 86, tbe same diagram wtll re[ircscnt tlu> motion 
uF !t body rolling iipwanl. or till! niutiou of nlioily uiidi-r tlic iiillti- 
ence of n retaiiling force. Tlie formulas givt-u (J 7«) for (lud- 
ing velocities, et«.. of boilics lin%'ing miiformly ncoi-lKrati-tl 
motion, mny be used for finding velocitlM. etc., of bodleit having 
Diilformly retanled motion : but Uic qnoations should Iw so 
'riimci] ha ti} l>c nn exact converse of tlic {juostioiiB to 1m fiolved. 
1 Iras, if we woubl find the velocity of A body at the ond of tlie 
lii-^I, second, or at the beginning of Uie second sfcoud, tlirowu 
ii|isfard by a force tliat would cause it to rise six seconds, we 
-iioulil calculate tbe velocity that a falling body Ima at the end 
'■f Uii> fifth second, or at the beginuing of the sixth second, 

PROBLEMS. 
(Solvi! llieaE problems In IidUi Uic mctrk niul Uio Kngllali iiicaauro».) 

1. Disregarding lUe resistance of the air, wliut UlBtanci! will n body 
r^iil Trom a state or rest in five scconils? 

a. What distance w)11 it fail daring the Itnii scronU? 

J, What is \ls velocltj at the tmt of the flflh secoiul? 

i. A stone, tlroppefl from a balloon, strikes lliu grounil iu scvpii 
-nomls. How liigli Is tlie balloou ? 

i. Under the iDflueuce of n constant force, a tioily moves 50U"> In a 
iiiiiuCe. How fir will It go In an hour? 

6. What will be its velocity at tlie end of the first half-hour? 

7. How far will it move during the flfly-nlnlh ininul«? 

S. A body (Uls four seconds; meantime It ia acted on by a constant 
f.irce whicli causes it to move in a horizontal direction 2™ in tlie 
ilrst second. Where will it strike the gronnd? i 

9. What Is its Iiorlzontal velocity at the end of the fonrtli second? 
10. What is its vertical velocity at the curt of the fourth second? 
U. With what vertical velocity must a body start MM. it may ascend 
(bree seconds? 
^U. How far does It rise rtiirlug the first second? 



IH'NAMICS. 

5 ffl- Prqiectiles. — Experiment. Tahe a bottomless tin 

A (Fig. 88), nud couneet a rubber tube C, 3"' loDg, with a glass tuba 

passing through a stopper at B, and insert a short glass tube at D. 

— Keep the can tilled with water, beud the lower part of the rubber tDb« 

fM U, so as to direct the stream at cElflereiit angles of elevation, am 

e the peculiarities of the curves formed by the streams, aud thi 

t^erticul aud horizoutal distances reached by each. 

1 ttiis cxpei'ituciit j'ou have a miniature repreaeDtatioa of tlu 
iatlia of all projectiles,' such as cannon-balls, stones throms 
rom the hand, etc. The hurizuutal distance that the projectUfi 
attains is called its range or random. Theoretically, the greata 
est range is obtained at an angle of ib" ; but practically, ( 
account of the resistance of the air, it is at a little less than 40"., 




Kvery pnyi'Ctik- is acted upon by two (bi'ces : (1) the force of 
jgravity, and (2) the reaiatancc of tJie air. It also liaa a certal 
.velocity and direction at the instant of ])rojection. If tlii 
velocity and direction arc known, and tlie resistance of the ail' i 
disregarded, the path of a projectile can be determined. Thus 
suppose that a projectile is thrown from A (Fig. 88) at ai 

^^_ 'Projectile, a ((Hf^ Ihyown. 
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angle of 45°, that it is in the air six units of time, and that tliefl 
vertical higlits reached at the end of the first three units sncce»tB 
sively, are B, C, and D. Its horizontal motion, if unimpeded, fl 
ia uniform, and the oovres ponding [xiints readied tu that dtreo^fl 
tion at the same moments are (say) B', C, and D'. ConibiDiug^ 
these two motions, we ohtuiu the jwints B", C". and I)", I'enchedl I 
Ijy the projectile successively, at the end of each of the first thre&-l 
units of time. The force of gravity constantly actiut; to change ■ 
its du'ectioD, it must describe, during the first three units, the ■ 
curved line AB"C"D". Since the time of ascent and deseentJ 
are et^ual, it must reach its greatest vertical hight at tlie en<l of V 
tile third unit, when it begins its descent. Tlie path of deseentj 
D"E"F"G" is found in a similar manner, The path thus de- ■ 
aeribed ia known as a parabolic curve; but, inasmuch as this ia fl 
practically motliliod by the resistance of the air, it in reality I 
desciihes a peculiar path called a haVhtk c:n-i-e. Tlic curve I 




k'E"F"G" represeiits also the path of a projectile thrown from 
', in the direction of tlie line D"G', with a horizontal velocity 
at would cause it to reach G' at the end of the third unit of 
De. 
An excellent verification of the second law of motiou is found 
the fact that a ball, projected horizontally, will reach the.' 
ground in precisely the same time that it woulcl if dropped froni 
a state of rest from the same hight. That is, any previous 
II m otion a body has in any direction does not affect the action 
^fcf grai-ity ujion the l)ody. 
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Eizperlment 2* SQpiK>rt two iron l>ar8, a and b (Fig. 90) j bent into 
the form of a curve, about 3«o> apart, and so sitnated that a ball n, roll- 
ing down them, will be discharged from them in a horizontal direction. 
So connect the wires of an electric battery c wdth these bars, that vhUe 
the iron ball n rests apon them the circuit is closed, and the iron ball 
m is supported by the attraction of the electro-magnet e. Now allow 
n to roll down the curved path. When it leaves the bars, the cireait is 
broken, e instantly loses its iK>wer to hold m, and m drops. But both 
balls reach the floor at the same instant. If the horizontal velocity of 
n is varied, by allowing it to start at difTerent points on the bars, so as 
to cause It to describe different paths, the twa balls wUl, in every case, 
acquire exactly equal vertical velocities. 

Fig. 90. 




/ / / 

/ / 



XIII. OTHER APPLICATIONS OF THE SECOND LAW OF 

MOTION. — THE PENDULUM. 

Experiment 1. From a bracket suspend by strings leaden balls, as 
in Figure 91. Draw B and C one side, and to different hights, so that 
B may swing through a short arc, and let both drop at the same instant. 
C moves much faster than B, and completes a longer journey at each 
swing, but both complete their swing, or vibration, in the same time. 

Hence, (1) the time occupied by the vibrcUion of a pendulum 
is independent of the length of the arc. Of only very small arcs 
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may this law be regarded as practically true. The pendalnm 
requires a somewhat louger time for a long arc of vibration tlinn 
for a short one, but the difference becomes perceptible only when 
llie ditferi:uce between the arcs is great, and then only alU-r many 

vibrations. 



Experiment 2. Set all the baUs swiuKiu^'; 
geilier : the Bliorter the peudulum. tlie 
faster it sivings. Make B l" lon^', niiil | 
F ji" long. Wfttcli in hand, couut the 
vibrations made hj B. It complelts 
justGOvibrationslna mintite; iu other 
words. It ■' heats secouds." A pemlii- 
lam. therefore, to beat seconds mii^it 
in; l™ long (more occnratuly, .Wl", or 
3'J.DO in.). Connt the vibratiaus of 
If; it makes 130 viliratlons In the sanjc 
time that B makes 60 vibrations. Make 
G one-ninth tlie length of B; the for- 
mvr miikes tiiree vibrations while tlie 
latttir makes one, coBsequciitly tliu 

tof vibration of the former is ani:- 
Ihat of the latter. 
Hnce, (2) (^iP timeofoi 
of a 2'ewlrdn'ni. uan'e 
si/uare root of iln length. 

QUESTIONS AND PROBLEMS. 
, What ivonUI be the effect if IS wt-re mmie twici 
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, What is the length of a penUulnm tliiit beats hair-seconilwf (Juar- 
:^onds? That makes one vlbratlun m two seconds! That makes 
f vibrations per minute? 

. State the proportion that will give Hie number of vibrations per 
piDte made by a pencinlum 40^'" long. 

, Center of oscillation. — Kxperlment 1. Connect six 
It intervals of l^-^'", by passing a wire throngh them, alter tht 
:r of pendulnm A. This forms a mmpoand pendulum composed 
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f six timple pendnhims. Set A and B vLbnting ; A rlbraUs tasta 
ban B. although their I«t>gtb9 are tlie «sme. IVh; is this? IS Aw 
JctB»te<l only by the hall/, it wontil vibrate id hdIsoq with B. If the 
bell a were rree, it wonlil move mach faster than/: bat. as they ur 
constrained to move together, the tendencj of a is to quicken tlie 
motion of/, and the tendency of/is to check the motion of a. Bat f 
is qoickened less than /. and d lesn than f ; on the otlier hand, '/ is 
checkc'l by / less than a. and e less than 6, It is appnreut that there 
most be some point between a and /. whose velocity is neither quick- 
ened nor checked by the corobined action of (be balls above and below 
It, and where, if a sii^le ball were placed, it would moke tJie mnt 
number of viI>nUions in a given time that tbe compound pendaluTD 
docs- Shorten pendoluui B, and Bnd the required point. This point 
]a called the center of otcillatioa. 

Ererif compound pendttlitai is eq^iiaalent to a simple pendulwa. 
whose length i» equal to the distance betaeen the center of oseiUa- 
tkn and tfie point of snsqKnaion of the compound pendulum. In- 
Afimach Ds the distance between tJie ]>omt of BUspeDsion and the 
center or oscillation determines the rate of vibmtion, whenever 
the expression length of penilidiini ia used, it mnst bo understood 
to mean this distance. Strictly speaking, a simple pendulum is 
a heavy malerkd point suspended by a iceiglUteas thread. Of 
coarse such a pendulum cannot netnall; exist ; but the leaden 
Pj ^, ball, suspended by a thread, is a near approximntion 

I' " '" !'■ 
Experiment 2. Suspend on the frame of Figure 91 a lath 
AB (Fig. 92), I" long, and shorten the pendulum B till 
it swings in the same period as the lath; the ball of B 
marks the center of oscillation of the latb, which Is found 
to be two-thirds the length of the lath bctow the point 
of suspension. Attach a pound-weight to the lower end of 
AB; its vibrations are now slower, and the simple pendulum 
B must be lengthened to vibrate in the same time as tbe lath 
and weight; hence the center of oscillation of the latli Is 
lowered by the addition of the weight. Move the weight 
up the lath; the vibrations are quickened. (What is the office of a 
pendulum bob?) 

Experiment 3. Remove tbe weight, bore a hole through the lath at 
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of oscillation C, aud, parsing a knittfng-iiceilie thraut!;)i tbp' 
n the lalli and saspead It by tlie needle. The (icurtiilum Is 
rently shortened, and we oaturslly ex[>ect tliat tU vlbralloiis 
Ilcber thau wben auapended from A. But the part B C now 
fi opposition to tlic part CA, rlslug as it sinks, and sinking as 

This tends to check the rapidity of the vibrations of CA. 
IbuDd that the pendulum vibrates iu the same time when sus- 
•om C as when suspended front A. 

oint of suspension aud the center of oscillation > 
He; in other words, there are aiuaya twopoints 
tendulum about wliich it wUl oscillate tn tlie same time. 
itiggests a practical way of Boding the center of oacilla- 
i the equivalent length of a oompoimd pcuduliim. For 

oiily to find another point of s«"i>fn-.ioii fioin whicli the 
m makes the Fis;. <.a. 

imber of vibra- 

a given time, 
its usual point 
>ension : that 
,' its center of 
m ; and the 

"between it ami 
'i point of aiis- 

is, technically 
f, the lengtli of 
lulum. It will 
. that these two [wiiita aru uneijually distant from tlie 
f gi-avity. 

Center of percuBsion. — Experiment. Suspend the 
, string attached to one of its extremities, aud with a club 

horizontally near its upper extromlty. This end of the lath 
I the direction of the stroke (A, Fig. 93), at the same time 
i sudden Jerk on the string, which is felt by the liaud. Strike 
n ttie same direction, near its lower extremity ; tlie upper end 
ft now moves in a direction opposite to tlie stroke (B), at the 
p causing a aimiliir jerk of tlie atriug. Next strike the lath 
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• < f^'ifiTj tr^t rrn* ^.r.-* /»! tit* '•crlmr le^.iine:* "jes* :iil "ae aHiSftrc^<Bdl- 

',f t.r./. ,aj.r. vr.i:-* v^ pr»<*.*itift 'aii :izii*r. mc 'loca zuiv-i la -:?r*iia C;. 
7^.^ fi.. for'"*^ of v.ft -.lo'v j* *p«it; in aui'^tn^ "^e ^ciex. iaii aoae is 

<ff<''i.lv':. fifj'l pr/lii^-^r- th^: leo-t atniin ^jc :±fc ^cLtcor: 'jraxis 
of uiot.'iftjt. 'Ihf: Ka-^r-'-jall plajrrr »otjn leariL* 2l: wLa: ^<'jit on 
hjii fi?it. \if; ('Mu f\(fi\ the mo«t effef^ive Mow ^i ;Le ^-all- and at 
Uit: i:;jffi<; t. if/If: f(:(:\ ihf: leant tio^ile in Lis haiifis- 

< 84. Hf>mh useful applications of the pendolmiL ^ 

'I h*' foF^!<: Mj?it kef'fH a ri*:ndalam vibratiii:Z U gra^Ttr. Were 
if. not f/ir fri^rtjoii ar^l rfr^sintanf* of thr air. a p€:adulam. once 
^t'l ill H»otion. wouM never r.-ea^^ vibrating. Sin«^& the force 
ff\' vy.i\\\y V,i-t-\)^ the jHrnduIiirn in motion, it follows that the rate 
//f vjlM;ition of ?i ;.^iven pendulum must l-e iletermiriei bv the 
ifil'n-'.ity of tl»i'-', foFre. H»rnee it i.s apparent, that if tLe rate 
//f -. ilM;itio?i i-. known, tlje intenjjitv of the force of zravitv mav 
\,t t '.A'\\\',i\.f'\. It. i.-^ form' I hy experimt.nt that the tim^ of ex- 
1,1-1 iii'in r.firif'M iii.rj'.i'iif'Jii o.A iJifi Hq'Uirf: I'oot oj the joi''>. of 'iravity' 
' o th<' pendulum hecoinos a most .serviotaUe instrument for 
fiM ;r*.ijrint/ the intensitv of irravitv at various altitudes and at 
'hff< r« ht. h'lt.it.ud^H on tlie efirtli's surface. (Compare § 21). It 
I- s>\'\tf th<' rrio'.t, iucMViiUi instrument for measuring time that has 
Immi ijiv<iif«d. It.-i vjiiri(;, as a time-measurer, depends upon 
Ml'- fih'.ohil'' unirorniitv of the rate of vibration as Ions: as its 
h h(/lli ii'. /'r»n-;lnnt, and th<! i<n;^rh of its arc very small. But as 
h' nl. ii» <v<r ifio'lifyinj^ iU*' dimen^^ions of all visible bodies, 
■ finoui; d<vi^'<'iv hav<*. bc<ii called into existence by which heat 
riifiv h'- rnnd'-. to rrornret autoniaticrallv its own mischief. Clocks 
i|i;il, <lo not, hav<'. Helf-rc'^ijuluting jx-ndulums are fast in winter 
Mhd '.low in hunnnt'T. (How would you regulate them?) 



■ QUESTIONS. 

^FL Where \3 the center of pci'CDS^ioa in a hammer or axi- ? Wti}> ? 

^■t At wbat point (^disregariliug the length and WL-iglit of tlio arm 

Hblswlngs it) sbould a blow bu dealt with n bat of uuifonn illmca- 

HisiBnhiin held in the hatid at cue extremity ? 

B I. Whnt change lu thii location of the center of percussion is pro- 

Hnced liy making one eud of a bat heavier than the other ? 

B I Which end uf a bat, the heavier or lighter, should be held lu the 

BMsr Why? 

■ XIV. MOMENTUM. — THIRD LAW OF MOTION. 

■ { 85. Momentum. — A Bmall stone dropped upon a cake of 
Be produces little effect ; a lai'ge stone dropped in>on the ice 
Kuks it. An empty car in motion is much more easily stopped 
Hm & loaded ca.v. We dread the ajipi-oacti of lai^c mnssca 
^nuise we iostincti^■el3■ associate with them a lai'ge amount of 
^MioD or force. It is evidcut that if two bodies move witli the 
^pK S|}eed, there is a greater quantity of motion in that wlucli 

'itntains the greater quautity of matter, just as there is more 
'ifat in a gaitoo of water than in a pint of water, wlieu both liave 
Hieaame temperature. 

H&in, we liave a similar dread of masses moving with great 

bcitiee. A ball tossed is a different affair from a ball thrown. 
Mexperienoe, then, teaches us that the quantity of motion, or, 

» word, the momentum a body may have, depends upon Us 

II nnd velocity. For example, a large mass, moving slowly, 
& great momentum, hut the same mass will have twice the 
momentum if its velocity is doubled ; again, a small mass, mov- 
"i|,' swiftly, has great momcntnm, but its momentum is increased 
I'l proportion as its mass is increased. 

If the motion of a mass weighing 1", having a velocity of 1'" 
l*f second, ia taken as a unit of momentum, then a mass weigh* 
"ig 5^, moving with the same velocity, would have a momentum 
"I" i and if the latter mass should have a velocity of lO" per 
second, its momentum would be 5 x 10 = 50. Hence, the nw- 
<itsrical value ofmomenium is found by multiplying units of mass 
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by units of velocity. There is no name for the unit of mBKM0^' 
tarn. We return to this sobject cm page 123. 

QUESTIONS AND PROBLEMS. 

1. Compare the momenta of a car weighing 50 tons, mo^ng 101k 
per minute, and a lump of ice weighing 5 cwt., at the end of tbettd 
second of its fall. 

8. Why are pile-drivers made heavy? Why raised to great WijM 

8. A boy weighing 25>' must move with what velocity to have ths 
same momentum that a man has weighing 80^ ronning at the nte of 
lOkm per hour? 

4. A body has a certain momentum after falling through a oertiii 
space. How many times this space must it fldl to double its no- 
mentum? 

S 86. Third law of motion. — It has been shown (page 88) 
that motion cannot originate in a single body, but arises frm 
mutual action between two bodies. For example, a man can lift 
himself by pulling on a rope attached to some other object, but 
not by bis l)Oot-straps, or a rope attached to liis feet. When- 
ever one bod}' receives motion, another body always parts witli 
motion, or is set in motion in an opposite direction ; that is, t» 
every change in regard to motion tJiere are always at least two 
bodies oppositely affected, 

Kxperimcnt. Float two blocks of wood of unequal masses on 
water, connecting them by a stretched rubber band. Let go the blocks, 
and the baud will set both in motion, but the smaller block wiU liave 
the greater velocity. 

A man in a boat weighing one ton pulls at one end of a rope, the 
other end of which is held by another man, who weighs twice as macli 
as tlie first man, in a boat weighing two tons : both boats will move 
towards each other, but in opposite directions ; the lighter boat will 
move twice as fast as the heavier, but with the same momentum. 

If the boats are near each other, and the men push each other's boats 
with oars, the boats will move in opposite directions, though with dif- 
ferent velocities, yet with equal momenta. 

The opposite impulses received b}' the bodies concerned are 
usually distinguished by the terms action and reaction. We 



QUESTIONS. 
. Where Is the c«ot«r of pucusflion In a bitniner or axe T Vhj T 
L At what point (disr«g*nltng the k'ngtii aii<l wdgbl of the ana 
btswiugs it} should a hlow be (l«»lt with ti Imt of aniform dtmri^ 
K when held iu the haiid &t one extmnltjr ? 
I. What change Iu the location of Itic L-entcr at pvrcuuluu !■ pro- 
id by making one end of & bat heavier than iIk- other f 
L Which und of a bu, the heavier or Ught«r, should U> held Iu ilie 
? Why? 

SIV. MOMENTUM.— THIRD LAW OF MOTION. 
Wi B& Momentum. — A small stone dropped upon a coke of 

to prtxitices Hltle effect ; a large stone dropixHl uiiuu Uic iM 
An emptj- car in motion is much more ctisily stOi)[>ed 
than a loaded car. We <lrpail the approach of targe mans<-fl 
liecause nc instinctively associate with them a hii-ge amount of 
motion or force. It is evident that if two bodies move wlUi tlie 
■;ime speed, tlierc is a greater qiiautitj' of luotiou in that wliieli 
('Villains the greater quautltv of matter, just as there is r 
iitat in a gallon of wat^r than in a pint of water, when both Imvo 
ilie same temperature. 

Again, we have a similar dread of masses moving with great 
v locities. A ball tossed is a diffei-ent affair from a ball llirowu. 
liiir esperieooe, then, teaches us that the gwintifff of motion, or, 

;i a woixl, the momentum a body mar/ hare, depends wpon il» 
liuiss and velocity. For example, a lai^e mass, moving slowli^, 
lias great momentum, but the same mass will have twice the 
mi^mentum if ita velocity is doubled ; again, a small mass, mov- 
ing swiftJy, has great momentum, but its moineutum is increased 
ill proportion as its mass is increased. 

If the motion of a mass weighing 1^, having a velocity of l" 
|Ff-r second, is taken as a unit of momentum, then a mass woigji- 
iiig 5", moving with the same velocity, would have n momentum 
1)1' 5 ; and if the latter mass should have a velocity' of 10"" per 
second, ita niomentum would be 5x10 = 50. Hence, the w«- 
talvalue of momenlniu is found by mnltipb/inij unitx ofvutss 
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will then move on togetherj with what momentum compared with, 
momentum when it strikes B? 

7- What will be tliu momuntuni of each ball after A slrikus B, 
pared with A's momentum when It strikes Bt 

8. IIow wlU their velocity compare with A's velocity when 
strikes B? 

S. Raise A and B equal diatances In opposite tlirectlous, and let fill 
BO fts to collide. Both halls will instantly come to rest after collision. 
Show that this result is consistent with the thin! law of motion. 

10. Substitute, for the inelaatic putty bulls, Ivory billiaitl bails, which 
arc highlj- elastic. I-et A strike B. Then B goes on with A's orlgiiid 
velocity, while A is brouglit to rest. Show Chat this result Is consis- 
tent with the third law of motion. 

11. Suspend four ivoi7 balls, C, D, B, and F. Let C strike D. D 
eventually receives all of Cs momentum, and lustnntJy communicates II 
to E, E to F, ftutl F, having nothing to which to commimicate It, nwva 
with Cs original velocity. Trace the actions and reactions throiigboot 

18. What would happen if the four bulls were Inelastic? 

§ 87. Law of reflection. —Experiment i. Hold D (Fig, B4) 
firmly in its place, mid allow C to strike It. D being immovable, C'^ 
entire niomeiilum Is spent In comprosslng the balls, and, on rccoverliif-' 
their shape, C Is tbrowti back to its Btarling-point at C. But In tlii^ 
case tbc! luLiid exerts as much force to prevent the motion of D »■' 
y. uj^ would be necessary to project C to C. B7itii 

' " ■ ' an elastic bods «'rijS:<« aaoiher fixed tlani' 

bods. '' reboitade leith its original force. 

Experiment 2. Lay a marble slab A (Fi[i. 
!>.^) upon a table, and roll an Ivory ball in tlic 
line D C, perpendicular to the surface of tin; 
slab ; tbc ball rcbouuds iu the same line to D. 
Roil the ball iu the line B C ; It rebounds In 
the llneCE. The angle BCD, which Its fo^ 
ward path mnlics with DC, a perpendicular to the surface struck, Is 
called the anglt of incidence. The angle ECD, which its retreating 
path makes with the same perpendicular, is called the angle ofrtfiedion. 

It is found by measurement that these angles arc equal when 
the two bodicB are perfectly elastic. This equality is expresacil 
by the Law op Keflection : When the striking body and the bodij 
struck ai-e perfectly elastic, the angle of reflection is etjual (o^^ 

7ie of iTUsidence. ^| 
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WORK AND EXEHOY. 



§8& Woplt. — AVIiat is work? On*- of tin* mo-t fr>iiiii)..ii 
kinds of work consists in rni*<iii<:[^ iKwIirs of in:itt4*r in fi|iiHi«iiitMi 
togravity; as raisin*]^ water fnuii u wi*II. i-oal (Voni a miiir. mnl 
transporting articles of miTL'h:ui(lis<> friMii Inwrr to ii|f|iir ^t«»iir^ 
of buikVmgs. The work of <lriviiiir ii nail, lM'n<linir a Ih.w. aii'l 
wmding a spring- consists in piXMlnrin;^ inntiun in tlH-i- ImmIj,., 
in opposition to molecnlar fortvs. Call to niiml tin* ai-iiitn-^ tli.ii 
constitute the work done by (say) a cariwntrr, a nia»'hini'»t. :iii'l 
afaniior; also, the work done hy a horse and a stfain-tn-jjih- : 
althouirU the diversity of their actions is well-ninh i-ndli-*^. \t*\\ 
discover one principle that is eommon to all : viz., that /'•"//.■ />• 
the production of motion in ojqrtsififjn fn nsisfiinr** : in otlnr 
words, it is the overcomiuff of renistdun* thmmjk .s/i"** . 

If a bo<ly is caused to move ap:ainst the action nf a furn', 
mrk is said to be done upon it; if a body niovlipj: midrr tin- 
action of a force overcomoB i-esistanee, it is >:iid /•> '/" /'"/A". 
When the heavy weight of a pile-driver is raised, in <>|i|Mi>itinn 
togravity, work is done \\\}0\\ it; when it dr><* ii«U. and «lrivi-N 
the pile into the earth, it does work. A man who nunly sup- 
ports a load does no work in the sense in wliidi tht- Wvnx is used 
in science, because, although he offers a resistance, he produces 
DO motion. If the planets move in space without niertiuij: with 
any resistance, they do no work. A force may act tor an in- 
definite time without doing any work : for instanci*. when no 
motion is produced; hwt iclieneve r fnrrr arts fhrftiffjh s^nfr(\ trnrK' 
Udone, Resistance and space, tiien, are essential elements of 
work. A horse, in drawing a load ah)n<i: a road, does a certain 
amount of work, which depends on the resistance a^rainst which 
he moves and the space traversed. A tlyin*; bullet pierces a 
plank ; the work done is estimated by considering both the dis- 
tance it penetrates and the resistance otfered by the cohesion 
I between the molecules of the wood. 
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§ 89. Unit of work. — Work is measared by a unit ct to 
own kind, which may be chosen at pleasure. The unit of woik 
adopted by the French is the work done in raising l'^ throiq^ 
a vertical hight of 1*". It is called a kUogrammeter (ab- 
breviated **"). The English unit of work is that done In 
raising one pound one foot, and is called a foot-pound. The 
kilogrammeter is about 7^ (more accurately, 7.233) times greater 
than the foot-iK)und. Now, since the work done in raisii^ 1^ 
1™ high is !''«•", the work of raising it 10" high is lO**™, whidi i» 
the same as the work done in raising 10^ 1™ high ; and the same, 
again, as raising 2^ 5"* high, or 5^ 2™ high. In fact, mvUipiy tlie 
number of kf'lograms raised by the number of meters tJiey (Xf^ 
raised^ and tJie product is the work done. 

There arc many other kinds of work besides that of raising 
weights. But as all work consists in producing motion against 
resistance, and since, with the same resistance, the work of pio- 
duciug motion in an}' other direction is just the same as in a 
vertical direction, it is easy, in all cases in which the two elements 
of any species of work (viz., resistance and space) are known, to 
find the equivalent in work done in raising a weight vertically* 
By thus securing a common standard for measurement of work, 
we are able to compare any species of work with any other. 

For Instance, let us compare the work done by a man in sawing 
through a stick of wood, whose saw must move 10™ against an average 
resistance of \2^, with tliat done by a l)uUet in penetrating a planlc to a 
depth of 2c"» against an average resistance of 200*^. Moving a saw 
10"™ against 12*^ resistance is equivalent to raising 12*^ 10™ high, or 
doing VlO^v^ of work ; a bullet moving 2«"^ against 200*^ resistance does 
as much work as is required to raise 200'' 2«» high, or 200 X .02 = 4k«» 
of work. 120 H- 4 = 30 times as much work done by the sawyer as by 
the bullet. 



^iso. 



Rate of doing work. — In estimating the total 
amount of work done, the time consumed is not taken into con- 
sideration. The work done by a hod-carrier, in carrying 1,000 
bricks to the top of a building, is the same whether he does it in 
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_ » daj- or a week. But in estimating the power of any agent to 
IfworJt, asof araan, ahorse, or a steam-en giue, in oilier words, 
krofe at which it is capable of doiag work, it in evideut that 
le is UD important element. The work done by a horse, in 
lising a barrel of flour 'JO feet high, is about 4000 ft.-lbs. ; 
iteveD a mouse could do the same amount of work in tiine. 
be unit in which rate of doing work is usually expresBcd is a 
iS'power. Early tests showed that a very strong horse may 
a 33,000 ft.-lba. oC work in one minute. So 1 horse- 
= 33.000 ft.-lba. per minute = 550 ft.-lbs. per second = 
m 4500*^ per minut« = about TS""" per second. 

' i 9L Energry- — The power of doing work, or work-power, 

'> culled ejiecgy. Doing work usually consists in a transfer of 
"Wion froTo, the body doing work to the body on which loork is 
'^le. Wherever wc find matter in motion, whether ia the solid, 
'iqiiid, or gnseoua state, we have a certain amoimt of energy 
which may often be made to do useful work. 

kl 92. Potential and kinetic energry. — Place a stone, 
%bing (say) 10", on the floor before you; it is devoid of 
energy, powerless to do work. Now raise it, and place it on a 
shelf (say) S" high ; in so doing j'ou perfoim 20''*" of work on 
it. As you look at it, lying motionless on the sbelf, it appears 
as devoid of energy as when lying on the floor. Attach one end 
of a cord 3™ long to it, and, passing it over a pulley, wind 2" 
of the string around the shaft connected with a sewing-machine, 
coffee-mill, lathe, or other convenient machine. Suddenly with- 
draw the shelF from beneath the stone. It moves, it sets in 
motion the maebine, and you may sew, grind coffee, turn wood, 
etc., with the power given to the machine by the stone. 

Surely, the work done on the atone in raising it was not lost ; 
the stone pays it back while descending. There is a very im- 
uit difference between the stone lying on the Uoor, and the 
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fe energy expended can be at any time recovered by the return 
oj Ike body to its original position, or by the return of its mole- 
cules to their original positioita. 

§93. Enersy contrasted ■with momentum. — Problem. 

A ballet weighlug 30« is sliot with a velocity of Its'" per aeconJ rrom a 
I'eigUing 4*; required the momentum and the energy of both tlie 
:t and the gun, and the velocity of the gun. SohUioit : Using the 
ram, the meter, and the Bccoiid as units, the momentum of the 
i8 .03 X 98 = 2.y* units. If the ball were shot vertically upward, 

fc.Telocity wonid diminish 9.8™ per second; so it would lise — = 10 

mds, and, therefore, before its energy is expended, 1j> a hlght 
IT (S 78) 4.9"" X 10' = 490™. Hence, Its energy at the outset la 
.03x490= U.T^s". Similarly for the gun, by the third law of mo- 
tion its momentum must be Just the same as that of the tmll, S.94 
units; its velocity is therefore 2.94 -;- 4 = .735'" per second. Then 
~^j,j£°— ,075 second; the hlght (supposing the gun to be raised vertl- 

j by the impulse received) = 4.9 X -075' = .027GQ" ; and ita energy 
fix .02766 = .1102'«". 
•While, therefore, the momenta generated in the two bodies by the 
powder ore equal, the energy of the buUet is — '— — 133} 

a that of tlio gun. (Why are the elTecta produced by the ballet 
'e disastrous than those produced by the recoil of the gun?) 

Is 94. Formula for energy. — We can find, as in the above 

mple, to what vertical hight a body having a given velocity 

mid rise, and thus in all cases determine its energy; but a 

1 may be obtained which will give the same result with 

1 trouble: thus, substituting g for k in Formula 1 (§ 78), 

■=oT: hence, „ ,-2 

■ T = l,orT==l;- 

g 9 

1, S = isT'; substituting the value of T' in this equation, 
S=l3X^ = J-- 
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But energy as WS (weight into higfat) ; Babstltiitliig for S 11 
this equation its value, we have, 

(1) Energy = ^*. 

Farther on, we shall see that WsM;; sabstttoting toWin 
the last equation its value, we have, also, 

(2) Energy = M!. 

It is evident that, t(?/ien the weight (W) or mass (M) of a bodiu 
remama the samej its energy is proportional to the square of ^ 
velocity^ while its momentum^ as we have learned, ispropartwMi 
to its velocity. In other words, the effect of increasing the velodty 
of a moving body would seem to be to increase its working power 
much more ra]:)idly than its momentum. Is this practicaUy true? 

Experiment. Fill an ordinary water-pail with moist clay. Let a 
loadon bullet drop upon the clay Arom a hight of .5"*. Then drop the 
Hamo bullet from a hight of 2°^, or four times the former hight, in order 
tliat it may acquire twice the velocity. In the latter case it penetrates 
to four tinuiH the depth that it did in the former. 

So it appears that the energy of a moving body varies, not as 
its velocity, but as the square of Us velocity. Doubling the 
velocity nniltiplics the energy fourfold ; trebling the velocity 
multii)lie8 it ninefold, and so on ; but the corresponding mo- 
mentum is multiplied only twofold, threefold, etc. A bullet 
moving with a velocit}- of 400 feet per second, will penetrate, 
not twice, but four times, as far into a plank as one having a 
velocity of 200 feet per second. A railway train, having a 
velocity of 20 miles an hour, will, if the steam is shut off, con- 
tinue to run four times as far as it would if its velocity were 10 
miles an hour. The reason is now apparent why light sub- 
stances, even so light as air, exhibit great energy when their 
velocity is great. 

§ 95. Measure of a force. — Commonly we measure forces 
by a spring balance, and say that the force, for instance, with 



wluch a horse draws a vagoD is 50^ ; that is, a spring interposodi 
between the horse and the wagou la Btretchcd just as mut^h as iti 
would be by the force of gravity actoug ou a mass of 50* huogfl 
troin tlie spring. But often it i» impossible to meiisure thel 
force except by the motiou it produces. Experience has ebowmfl 
Ui&i a useful and accurate measure of a force is the mometUum Um 
produces or destroys in a second; if the body is already in mo-'fl 
tiflQ, we must say the cliaiige of inomentuni pfoduced in a seco>id,M 
For example, gi-avity we know will impart in tliree secondStX 
toabody haTing a mass of (say) 5*, and free to fall, a velocity ■ 
of 3 X 980°" per second; that is, the momentum generated !■■ 
5x3x980. Theu, by definition above, the mcasiirc of tbal 
force of gravity on the body is '•''s^eao ==5 x. 980. When tba fl 
CL'Qti meter, gram, and second are taken as tbe nnits of length, I 
mass, and time respectively, the system of units of measuremeat J 
hased on them is called tbe C.G.S. system, and in it tbe unit! 
of force is called a dyne. I 

A dyne is that force which, acting for a second, will give to am 
gram of matter a velocity of one ccTUiineler per second. In the 1 
example above we have a force of 5 x 980 = 4900 djTies. I 

We can almost as easily graduate a spring balance to indi- I 
Cftte forces in dynes as in pounds ; and then we have a unit 1 
which is constant wherever we go on the earth or above it. I 
(Compare § 21.) I 

Tlie gravity unit of foi-ee is the weight of any unit of mass, \ 
e.g., a gi'am, kilogiam, pound, or ton. In distinction from I 
gravity nnits, the C.G.S. units are called absolute units. Gravity I 
units ai-e easily changed to absolute units ; thus in the Northern I 
.States the force of gravity acting upon 1' of matter free to fall I 
will give it an acceleration of velocity of 980"™ per second ; hence 1 
in these latitudes the gravity unit is equal to 980 absolute units. I 
Returning to our example, represent 5", the mass of the body ■ 
moved by M ; by g, 980'^"' per second, the acceleration produced ■ 
by gravity ; and by W", tbe weigiit, or F, tbe force : theu I 

W = F = Mg. I 
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The equation is a general one ; that is, whenever any two of tha 
three quantities specified are known, the third may be computed. 

If the force acts, not against gravity, but against resistances 
considered as constant, such as the forces shown in cohesion, 
elasticity, etc., the equation will still be true, only g should be 
replaced by some other letter, as a. 

Now let us learn what is the 

§ 96. Measure of the effect of a force. — One measure we 
know already, — the product of the force into the distance 
through which it acts ; that is, tlie work done, or ilie energy 
imparted to the body moved, is a measure of the effect of a force. 
If the force is measured in dynes, and the distance is centi- 
meters, the work done will be expressed in a C.G.S. unit called 
an erg. An erg is the work done or energy imparted by a force 
of one dyne working through a distance of one centimeter. Be- 
sides the erg we have the common gi'avitation units, the kilo- 
grammeter, and foot-pound ; that is, we have another measure just 
as we may have various kinds of measures for common things ; 
just as, for instance, we may express lengths in inches, meters, 
or miles ; masses, in gi'ains or pounds, etc. 

Experiment 1. Suspend by a long cord a heavy body, — IC^ or more, 
— and with a string attached to the body draw it to one side, puUing 
for two, four, and six seconds, and let go. The longer you pull the 
greater is the velocity given to the body, provided it is not moved far 
from its place of rest. 

Experiment 2. Suspend by a string 1"^ long a stone whose mass is 
(say) S''. Attach to the stone a No. 36 cotton thread ; this will sup- 
port about l''. Pull the baU slowly to one side; when it has been 
drawn about 20<=™ from its place of rest, the thread wUl break, and the 
ball will swing back to the other side like a pendulum, and so when It 
passes through its lowest point it has a definite momentum. 

Attach new pieces of thread, and pull more and more quickly, break- 
ing the thread each time ; the motion produced is less and less. As 
the string is straightened the pull on it increases from zero to 1*^ ; so 
the average force each time is about the same ; in gravitation units, 
nearly or exactly ^K Here, as before, with the same forcet the mamen' 
turn produced varies as the time during which the force acts. 



\ 
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H Bat ]I vc use stronger and sti'ouger threads, wc ma; pull more and I 

H iMre quickly tlian at first, and jet give to the ball Jaat the same mo- I 

H ncatiun as at first; that is, the effect of a greater force acting for a \ 

V itei' lime ia to produce the »ame momentum. I 

' So fai- then as oiir exitenments go, they teach that the pixxJnct 
of a force into the time it acts, or the momentum produced, ia a 
^iiemtre of Che effect of a force. We may draw the same concht- 
sion from our last equation , F = M ff : multiply both sides by T, 
tiietime during which the force acts, and we have FT = Mj7T 
= MV=Monieutiiiii (§ 78). If T equals one second, we see I 
timt tbe momentum of a moving body is the measure of the foreo | 
Ibnt n'ould in one second give it tliis motion. It is evident I 
lliat if motion ia to be produced by a force acting for a very I 
"liort time, the force must be enormous. 

We have, then, two measures of the effect of a force, — mo- 
"lejUvm aud energy. Tlie first is found by multiplying the force I 
by the time it acts ; the second, by multiplying tlie force by the , 
ipace through which it acts. The latter can also be found by 
inaltiplying tiie momentum by one-half the velocity. One is 
SIV; the other is ^MV*. Which is the con-ect measure? Both 
ai'e correct ; so the question now is. Which is the more useful? 
Experience shows that momentum is a useful measure only in 
Cases where the foroe acta ati the time in the line of motion, as 
iu falling bodies, or where it acts for so short a time tliat the 
body does not sensibly change its position during the action, aa 
I the cases of a blow, a jerk, collision between balls, etc. 
irience further shows that energy in all casea gives a useful 



I § 97. Summary of mechanical miits, and formulas for 

peir determination.' — ^Thc (bllowiug tables show tiie quanti- 

fas measured, the unit of each in the C.G-.S. system, and the 

ttulas for the determination of the derived quantities : — 

[■'It Is not oxpectfitl limt piiiiUa or the onllnary Lilgli school wlU mnsler Uila aac- 
may frequently And It convenient tor reftrence, wlille tbe more 
ent ciiiinot friil to bi: Kvcolly proliltil by Its aicehil sluily. 



128 DYNAMICS. 

FUNDAMENTAL QUANTITIES AND UNITS. 

Length (L or S) 1«». 

Mass (M) 1«. 

Time (T) 1 sec. 

DERIVED QUANTITIES, UNITS, AND FORMULAS. 

Velocity (V) = rate of motion ; unit, l^ per sec. ; in uniform motion, 

V = |. (1) 

Acceleration (A) = rate of change in velocity ; unit, an increase of 

velocity in 1 sec. of l*^ per sec. ; body starting from rest under 

/ V 
constant force, Jf.= —* .^ (2) 

Force (F) ; unit, 1 dyne = a force that in 1 sec. imparts to IR a velocity 
of ic™ per sec. ; .-. F = M A. (3) 

Work or Energy (E) ; unit, 1 erg = the work done by 1 dyne working 
through ici"; .-. E = FS. (4) 

Rate of doing work, or Work Power (P); unit, 1 erg per sec; 

P=^. (5) 

Momentum; unit, 18 moving with a velocity of 1"" per sec, or that 
produced by 1 dyne in 1 sec. ; Momentum = M V. 

From (2) and (3) we have the very useful equations, F = -rr ^^ 
V=^. (6) and (7) 

A body, mass M, acted upon by the force F, starting from rest wiU 

FT 

acquire in time T a velocity V = — • The acceleration, which 

from (3) is = — , is a constant quantity, and the whole space 

passed over will be equal to the time T multiplied by the mean 
velocity. The latter is oue-half the final velocity ; hence, mean 

FT FT* 

V = — :, and S = -r-t-i (an equation of great importance). (8) 

To find an expression for the energy of a moving body combine (4) and 
(8): W = ^; butFT = MV, .-. E = -y- (9) 

Anywhere in the Northern States, the weight of 1k = 980 dynes. 
Ikpn = 98,000,000 ergs ; 1 foot-pound = 13,550,000 ergs. 
1 horse-power = 447,000,000,000 ergs per min. 

§ 98. Transformation of energry. — In the operation of 
raising the stone (§ 92) , kinetic euerg}^ is transformed into poten- 
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tial energy. 'During its descent it is re-tranHfonno<1 iiito kiiH*tir 

energy. If, instead of being attacliocl to iniicliimTV, an«l thrn*liy 

made to do work, the stone is allowed to full fn*t*ly, it acr|tiir(*H 

great velocity. On striking tlie ground, its motion as a InmIv 

suddenly ceases, but its molecules have their quiverin^^ niotioiiM 

accelerated. Mechanical motion is, then^bv, trunsforiiitHl into 

heat. We shall often have occasion to examine the traiisfonna- 

tions of energy, as into electric energy, heat, etc., but never of 

momentum. We shall study Joule's e<|uivalent (pa^e 171), 

expressing the relation between the unit of energy, or work, 

and the imit of heat; but it is certain that there is no relation 

between the latter and the unit of momentum. 

§ 99. Physics defined. — All physical phenomena consist 
either alone in transferences of energy from one i)ortion of 
matter to another, or in 1)oth transferences and trausforinations 
of energy. Transformations may he from one condition of 
energy to another, as from kinetic to potential ; or from one 
phase of kinetic energy to another, as from mechanical motion 
to heat ; or both may occur, as when the falling stone does 
work, a part of its energ}* being expended in producing mechan- 
ical motion, and a part being transformed into heat, occasioned 
by friction of the moving parts. 

Physics is that branch of natural science which treats of trans- 
ferences and transformations of energy. It does not, however, 
in its usual limitation, include a group of phenomena which occur 
outside the earth, and also a group whose essential characUn*- 
istic is an alteration in the nature of the material considered. 
The study of the former group is the object of Astronomy ; of 
the latter, that of Chemistry. 

QUESTIONS AND PROBLEMS. 

1. Does the energy expended in raising the stones to their places in 
the Egyptian pyramids still survive? 

2. What kind of energy is that contained In gunpowder? 

8. What transformation of energy takes place in burning coal? 

4. Whaa steam works by expansion, its temperature is reduced. Wb** ^ 
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5. How much work is done per hour If 8(^ are raised 4™ per minute? 

6. (a) What energy must be imparted to a body weighing 508 that it 
may rise 4 seconds? (h) How many times as much energy must be 
imparted to tlie same body that it may ascend 5 seconds? (c) Why? 

7. Compare tlie momenta, in the two cases given in the last question, 
at the instants the body is thrown. 

8. How mucli energy is stored in a body which weighs 50^, at a 
higlit of 80"» above tlie earth's surface? 

9. How mucli energy would the same body have if it had a velocity 
of 100'" per second? 

10. Su[>pose it to fall in a vacuum, how much kinetic energy would 
it liave at tlio end of the fourth second? 

11. If it should fall through the air, what would become of a part of 
the energy? 

12. A projectile weighing 25^ is thrown vertically upward with an 
initial velocity of 29.4'" per second. How much energy has it? 

13. What becomes of its energy during its. ascent? 

14. ((;) Compare the momentum of a body weighing 5€^, and ItfviBK 
a velocity of 2'" per second, with the momentum of a body wei|^lli| 
50K, having a velocity of 100'" per second. (6) Compare tbalr «■»• 
gies. 

15. Wliich, momentum or energy, will enable one to determine the 
amount of resistance that a moving body may overcome? 

16. Explain how a child who cannot lift 30"^ can draw a carria^ 
weiifhin^ 1 ;")()•«. 

17. A car wci.ij:liini5: 0000'^ is drawn by a horse with a speed of 100" per 
minute. The index of the dynamometer to which the horse is attached 
stands at 4o'«. {(t) At wliat rate is the horse working? (b) Express 
the rate in horso-powers. (See § 00.) 

18. A dynamometer shows that a span of horses pull a plow with 
a constant force of TO"*. What power is required to work the plow if 
they travel at the rate of 3'^'" per hour? 

19. Wliat liorse-power in an engine will raise IjSSOjOOO*' 6"» in an 
hour? 

20. IIow long will it talve a 3 horse-power engine to raise 10 tons 60 
feet? 

21. IIow far will a 2 horse-power engine raise lOOO'' in 10 seconds? 

22. IIow much work can a 5 horse-power engine do in an hour? 

23. How long would it take a man to do the same work, the amount 
of work a man can do in a day being about l)0,000^'«»"? 

24. If you would increase the energy of a moving body fourfold^ 
how much must you increase its velocity? 



I-8BS OF- MAClll.S'U) 



' XVI. IIACHIXKS. 

i 100. Uses of machinee. — Kxppriromt I. Obuin from 
'ii^Mnsre store tvro or tlirt^o pulleyn. and arniU||[u AplikntUH u In Fl){a 
^- The djnttinometcrs a and b read * lbs. each, iihowliiit lliat fi 
pony fp) etnplojcd to sapport each weight (V) ot H 11m. Is Ji| 
m-itull of the weljjbt.' If tho power sppllc<l Id each liwUaca I 
»li?% increased, the wciylUs will rlso. Kaise each of the •ne\gt 
Mflffleisiire the distances truverseil respectively hy W anil P In cacfe 
li'UWR It -will be roniifl that the distance that W moves 1» Just on#» 
W Die distance that F moves ; i.e., \t W rises 2 ft,, P muni n 
"■ Koir, 8 fibs. J X 3 C^*-) =^ •" foot-iKJUiKLi of work done c 
^fniu. 4 (llis.J X * (ftO = 1* foot-pounds of work performiKl by P, 
'I'tua seems tliat the w-ork applied by the power la Just etgual t< 
work done npou tlie \ 



fig- »?: 




Wliat advantage la derlvad 
from the use of the apparatnaV 
It has been proved that w 
vantage ia salocd, ho far aa tbt 
umonnt of work b conecmod. 
ilat suppose that W Is4()0lba., 
and that tlie utmost power (P) 
that one man can exert h 
lbs. Tliea, wllhout this a|K 
paratus, the services of twv 
men woiildbe required; where- ' 
:is one man could raise the 
weight with the apparatus. 
The advantage gained In this 
case would seem to be one of 



The 
er » J 

'be»M 
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Experiment 2, Let P and 

W of A exchange pliices. The 
Index of the dynamometer 
now reaches IG Ihs. 
seems to be in this cas 
ot power, for a power of IG 
llj^ , . ahlc to sustain a weight of 8 lbs. But bo fiir no work 
has Iw n done. (Why?) Raise W, and measure the distance trav- 
ersed respectively by P and W. P moves only 2 ft. for every 4 ft 
bAm W moves- Now, 2 (ft.) x IB (lbs.) = 33 foot-pounds of wort 
■I'j. sMsil alJofTBoce must be mndo Cor the welgbt oflha movable pullojB. 
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done br P. And 4 n.} X 8 (lbs.) = 32 foot-pounds of work 
upon W. We thus le«ni that, when the power is employed in 
work, there is really no loss of power in this method of applying the 
apparatos. Is there any adTaotage gained in this case by the use of 
apparatus? We found that W moved twice as fiur, and conseqoeDtly 
with twice the velocity, that P moved. 

It thus appears that, if it should be desirable to move a 
weight with greater veloeitr than it is possible or convenient for 
the power to move, it may be accomplished through the media- 
tion of a machine, by af^lying to it a power proportionately 
greater than the weight. This apparatus is one of many con- 
trivances called machines^ through the mediation of tchich power 
can be applied to resistance more adrantageousli/ than when it is 
appHied directly to the resistance. Some of the many advantages 
derived from the use of machines are : — 

(!) It enables us to iftcrease either the vdocUy or the force iffoe 
decrease the other in the same ratio as the first is increased* 
(State how both uses have been illustrated in these experiments.) 
(2) It enables us to employ a force in a direction that is more 
convenient than the direction in tchich the re- 
sistance is to he moved. 

(3) It enables us to employ other forces than our 
ov:n in doing work ; e.</., the strength of animals, 
the forces of wind, water, steam, etc. (How are 
the last two uses illustrated in Figure 97.) 

§ 101. Law of machines. — Let P be the 
power applied to a machine, j9 the distance 
tiuough which it moves in a given time, W the 
weight moved or external resistance overcome, 
and v: the distance through which it is moved in 
the same time ; then the mechanical work apphcd 
to the machine is Vp (e.gr., in kilo- 
grammeters or foot-pounds) , and the 
mechanical work done by the ma- 
chine is ^w. Now we have learned 
from the aJjove experiments that {\) Pp =^-03, 
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LAW OF UACIIIKBK. 



e we have for all mncfaitiM, without oxocption, tlie fuUoi 
I general law : Th« Kork applied to a macJitne ia tqual to thi 
k done hy the inachine. 

No macbine, thvrcforo, creates or Inorvaiifii viiergy. tic, 
chine gives bock more I'liergy llinn is Bpcnt u|Hin it. V can b* 
made as small as we please hv taking ji gn-nt <!noiigh : in this 
lase we see that in proportion as poHvr la gninedt Kme, ditlaactf 
nr velocity is lost. On the other hantl. W remaliiliig Uic «am4| 

K(tlie distance traversed hy W in a givi-u lime, i.t., \u vi'Iixiily)' 
ly be iucreosed indefinitely ]iy taking 1' large enough : in tlill 
ae, (M veltxnCf/. time, or tjinee w gained, poH-er is lost. A 
hie, then, is innch like a bank : it payH out no more th 
ceivea. A bank will give you in exchange Tor a flfty-dollai 
note fifty one-dollar doU-h ; or, for fitly ouivJoUar noti's, iloB 
I posited successively, it will return to you a fifly-dolliir not**. 1% 
^K^Bimilar manner, if you apply to a mat'lituo a jMiwer sulllrient 
^B^ ino\-e 50 lbs. 1 It., jou niay get from it the ability to luovji 
^Bti}. 50 tk. ; or, if you apply to a niat'liinu a foive of I tb. siio> 
^cessivoly tliroiigb 50 ft. of spaee, you may get from it the ability 

to move 50 lbs. through 1 ft. of apace. 
, In our discussLuu hitherto we have ignored the intoiTial resiat- 

is, chiefly due to friction, wliich csist hi every inaehiue. The n 

a work done by a maoliine is practically ilii-ideil into twt^ 

— Uie uHef III part and the wanted part; the former, ex* 

i as a f iflctiou of the whole, is usually called the effkieiiej^ 

i modulva of the machine. But energy is indestructible. ThH^ 

1 of the viai!)le energy tliat is appareutly desti'oyed by 

a is transformed into heat, which is wasted, so far as the 

I to be done by the machine is concerni'd. Let I represent 

tial woTk performed in the machuie, i.e., tlie waMed work^ 

Vw the external worli ; then our gent^ral formula tot 

nes, as modified in its practical applications, becomes 

(2) l-p^Ww + Ii 
B, the work applied to a miifhine is eqieal to the effectivt 
:, plua the internal work, done by the machine. So that, a(^ 



spumes : t/ie distance through wfttcA the 

Fig. 98. 



far from any machine being a source of poiPer, as is sometiiiies 
eiToneoTisly supfKJsed, no machine practically returns as mncb 
power as is applied to it. 
By division. Formula (1) Vp = Ww becomes 

the distance through which the jwaW 
Is tnoved m ii* 
le time. Prob- 



i.e., toeiglU : power : 



lems pertaining W 
machines may gen- 
erally be solved by 
Formula (3), and 
afterwards BuitaHe 
allowances may l* 
made for the in- 
ternal work done. 
ThuB, suppose thtt* 
P (Fig. 09} is IQ 
Ills., and it is !«■ 
ipiired to fiml wlinl 
weight (W) it wiK 
raise. By esperS 
iiipntwe find that! 
travels 8 11. wlul 
\V travels i 
Then, a: (W) : II 
(P)::»(jj) :-i("^) ! whence j; = 20 lbs. The 20 Ibe. in Wis JM 
enfficient to balance the 10 lbs. in P ; anything less than 20 Ifaq 
(will be raised. 

It is to be observed that, as we saw ou page 119, work ia n< 

ftlvaysi or even usually, expended in raising a weight, but i 

Ifrveroomiiig resistance of any Icind ; so we may interpret Formul 

T(S) thus ; resistance : jiowej- : : the distance- through whidi tk 

a : Vie distance through which the resistance is ova 
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QUESTIONS AND PROBLEMS. 
; If the power applied lo niiy mftrhliw I* '1^. uid It mor** wlUi A 
■dt; of KM' per second, wtOi wli&t vitlucliy i-au It movti a ntatounca 
! To how great a load could U Rive a reliicUy at BO- prr iwroniir 
k power or 50^, moving through a apace of lOO", U rapahlo i>( 
; bow many kllogmnis throu^th s tiiMC6 or 'J^J What adi aaia^ 
e gained by the use at the machine 1 
S. Watch the movementa of the toat In working thi- trradl* uf a 
seiving-machliie, also the uiovFinent« of the needle In Howliig, and 
ili^termine what mechanical advantai;e Is gained by the macblue. 

i. Arrange three levers, as la Figure US; and, ralUug the dlntanca 
i'lfi) of the power ttom the prop the puimr^nn of the lever, and tin 
liialonce (fee) of the weight from li»e prop the aeight-ann. verily by 
esperiment the following special formula fbr level 

P w vrclgbt-aru) 

N.B. — Eqiilllbriuni niaal flrBl Iw usUlillalieil between i 
liiiLT, lij plttciiig wclghtion tlio Bbirtt arm. 

i. Ascertain the advantage that n: 

e. A lever is 75"" long; where n 
a power of 2* at one 
end may move i^ at 
theotherend? What 
Kill be the pressure 

Kthe prop? 
J. Show that tli'^ 
Milts obtained lu 
B last problem arc 
nslstent with the 
tliird law of parallel 
forces (page 95). 
' B. Whatadvoutage 

» gained by a lever, 
len its power-arm 
greater than Its weigliUarm? What, when its weiglit-arm la greater? 
S. Two weights, of 5* and 20^, are suspended from thu ends of a 
lever 70™> long. Where must lliepropbeplaced that they may hnlauce? 
10. What mechanical advantage Is gained by a lemou-squeezer? 
I 11. If P (Fig. M), weighing 1 lb., is snspended 16 spaces ft'om the 

^■^Qlcram of the steelyard, what weight (W) suspended 3 similar spaces 
^■Bte other aide of the falcmia will balance it? 



nay be gained by each lever. 
\t the prop be placed lu order lliat 



PiB.ee. 






^1 , of tkr tiaicm » ts i bt., Sjams 

^L ^^^^^^^M-^aa. «( I b. at p wS ae» w^ 

^^k ^^BB^^H^^^^I^E toce «■ tbe cifnBnftrcMe ol 

^^k <B ^ ^^-tI-,^ *** »'««' '^ (6) If li 
^^H'l^^ i^H ^^ '^' comkicKc oTtfaewbeddM 
^B^^H^J^^V__J^^^ ^^ 30In.,aadtkMof ibeidnloaf 
6 in., the power of I tb. U ' 
wili eiert what force o 
circnniferciice ottbt whcrl/' 

P{< 1 If Uk cirrumTemiM of ** 
•bed / be 40 in., a*d I&M oT die axle J 8 id., hoir aunj poamls li 
vni be mtxamrj to pRT^t motion of tbe trtin of wbeeb. when I 
f^j^ weighs 1 lb.? i.J)lfWliM 

velorily of 3 ft. per wcobi 

what will be Ps vdocitj? 

16. Prepare * spcdil tt 
mahi for the solatioii of pHl 
Icms pcrtfliuiug to tbe wM 
and axle. 

IT. The weight W {Fi 
IDS). Ill traversing the 1 
dined plnnt AB, oDl; iM 
tliroiigh the verti<»l hight Cf 
wliile P must move througft 
distance equal 1 
L rcpruseut tiie length of i 
inclined plnn, and II Its hi 
and pix'pare a special formt^ 
^L tat the Huliit1i<n of pi'ubleiiispci'taluint' to the Inclined plane. 
H IS. A Hkid 12 ft. lung resits one end on a cart 3 ft. high, aud t 
^H Other onil nn the ground. What force must n boy exert while rolling.) 
^V banwl of rtonr weljilUiiK 200 lbs. over the skid into the cart? 
^K 19. JJui'liig uuv rcvulullou a screw advaivces a dUiauce equal U 
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I ice betwcon two tama of tlic thread. niv«Mircit In the >l1rvrtl(>n nf 
:1g of the screw. Snpposp tlic ncivv In the l4>tWr-t>n>iiii, n/vre 
jadvanco J hi. M v»ch reToliiUou. ai»I • |K>wrr ^f 'j:- iin. u> >w 
d to the riri-'ninfereucp of tbe whofl '•, wli'>» ■lloiui'i'^r <• It in. 
pi 
tl 
....,.,1 I 



r\t. i(B. 




it pressure would )k ei- 
1 arttcle§ placed l>o- 
Itth tlie screw. [The clr- 
Btference of ft circle la 
3.U16 limes its diuneter.j 
20. The toggle-joint (Fig. 
lot) is a machine employed 
where great pressun- Itas to 
lie eiert«d through a ^mall 
spac«, an in punching nud 
ihearing iron, and iu print- 
ing-presses, ill pres.siug the tj-pes furclblj ujjainHt thi- jjutitr. -In 
^.j„ ,^ illustration ma; be founil In tlu> 

Joints Qseil to raiite cnrrlai;e-Ui|>ii. 
Force appUei] to the n^ m, 
joint e will can»c 
Ilie two lliilu lie Mid 
be to be dtmlghl- 
cniid. or carried fnr- 
isani to rf, wtille tiic 
gulden move through 
a dietaticc equal to 
(uc +bc) -ab. It 
* = 10", ab = Hfi™, 
and ar+ be= 100™. 
would exert what average pressure 
un obstacles in the path or the guides 

81. Sliow that the hydrostatic press, page (io, conforms In its oper- j 
fttion to the general law of machines. 




then A force of SO* applied a 
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CHAPTER III. 



MOLECULAR ENERGY. - HEAT. 



XVII. WHAT HEAT IS. — SOME SOURCES OF HEAT. 

In the preceding pages the theory of heat has been several 
times anticipated ; we are now better qualified to judge of its 
truth or falsity. 

§ 102. Mechanical motion convertible into heat. — Ex- 
periments. Hold some small steel tool upon a rapidly revolving dry 
grindstone; a shower of sparks flies from the stone. Place a ten- 
penny nail upon a stone and hammer it briskly ; it %oon becomes too 
hot to be handled with comfort, and we may conceive that if the 
blows were rapid and heavy enough, it might soon become red hot. 
Rub a desk with your fist, and your coat-sleeve with a metallic but- 
ton ; hoth the rubbers and the things ruhbed become heated. 

You observe that in eveiy case heat is generated at the ex- 
pense of work or mechanical motion, i.e., meckanicdl motion 
checked becomes heat. When the brakes are applied to the 
wheels of a rapidly moving railroad train, its motion is all con- 
verted into heat, much of which may be found in the wheels, 
brake-blocks, and rails. The meteorites, or " shooting-stars,*' 
which are seen at night passing through the upper air, some- 
times strike the earth, and are found to be stones heated to a 
light-giving state. They become heated when they reach our 
atmosphere, in consequence of their motion being checked by 
the resistance of the au\ 

§ 103. Heat convertible into mechanical motion. — 

Experiment. Take a thin glass fiask A, Figure 105, and half fill it 
with water; fit a cork air-tight' in its neck. Perforate the cork, 

1 A good way to moke a cork air-Ught is to soak it ia melted paiuffine. 



Fig. lOS. 
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linsenagl&gs tnbe bent as indicated la the figure, aod extend It into 
I tk vMer. Apply heat t<i the flask ; soon the liquid rlaea in the tube, 
I Ihd hKs from its upper end. 

Here heat produces mechanical motion, and does work in raia- 
a weight in opposition to gravity. Ever; steam engine is a 
U WHfirie. All the power of steam consists 
ts heat. The steam wbith leaves the cjliii- 
an engine (see page 176), after it has 
e piston in motion, is cooler than when 
jt eateretl, and cooler m proportion to the ko7-!c 
Furthermore, it will be shown (page 1 7-1) 
It heat and work are so related to each other 
a definite quantity of the one is always e(jiH<l 
adefitiite quantity of the other. 
[■ Now, when the appearance of one thing is so 
1 with the disappearance of anotlier, 
that the quantity of the thing produced can bu 
calculated from the quantity of that which dis- 
sppears, we conclude that the one has been 
formed at the expense of the other, and tliat 
liiey are only diferent forms of the same ihiiii^:. 
We have, thei'efore, reason to believe that hetil 
ture as mechanical energy, i.e., (( is only unollier foi-m of 
e energy. 

|S104. Heat defined. — A body loses motion in communi- 
pting it (page 88). The hammer descends and strikes the an- 
[ its motion ceases, but the anvil is not sensibly moved ; 
mly observable effect produced is heat. Instead of the pro- 
JKssive motion of the hammer as a uikole, there is now, aoeoixi- 
5 to the modern view, an increased vibratory motion of the 
s that compose the hammer, — a mere change of motion 
mldnd and locality. Of course, this latter motion is invisible. 
« conclusion ia that heat is molecular motion. A body is heated 
yrliaWng the motiou of its molecules quickened, and cooled by 
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140 MOLECULAR BKBBGY. — HEAT. 

parting with some of its molecular motion. One body is hofUf 
than another when the average energy of each molecule t» it ii 
greater than in the other, 

§105. Heat generated by chemical action. — Expa* 
ment. Take a glass test-tube half full of cold water, and pour into It 
one-fourth its volume of sulphuric acid. The liquid almost instantly 
becomes so hot that the tube cannot be held in the hand. 

When water is poured upon quicklime heat is rapidly devel- 
oped. The invisible oxygen of the air combines with the vari- 
ous fuels, such as wood, coal, oils, and illuminating gas, and 
gives rise to what we call burning or combustion^ by which a 
large amount of heat is generated. In all such cases the heat 
is generated by the combination or clashing together of mole- 
cules of substances that have an affinity (i.e., an attraction) 
for each other. Before their union they are in the condition 
of a weight drawn up ; while approaching each other, they are 
like the falling weight; and when they collide, their motion, 
like that of the weight when it strikes the earth, is converted 
into heat. The chemical potential energy of the molecules is 
converted, in the act of combination, into kinetic energy, — into 
molecular motion. 

§ 106. Origrin of animal heat and muscular motion. — 

The plant finds its food in the air (principally the carbonic acid 
in the air) and in the earth in the condition of a fallen weight ; 
but, by the agency of the sun's radiation, work is performed upon 
this matter during the growth of the plant ; potential energy is 
stored in the plant, — the weight is drawn up. The animal now 
finds its food in the plant, appropriates the energy stored in 
the plant, and converts it into energy of motion in the form of 
heat and muscular motion. The plant, then, may be regarded 
as a machine for converting energy of motion received from the 
sun into potential energy ; the animal, as a machine for trans- 
forming it again into the energy of motion. 



■ TEStPKBATTRK OBTrNKT). HI 

^■107. The aun as a Bource of enerer. — Not iwl.i U Uiu 
^Htiie source of the enci^y csliiliitpfi in the •i;riiwUi of [tlutbt, 
^Breil as of the uiiisciilar auil lieat eDi'i^' of ttn.- luitinul, tml it 
^Be source, directly or iudirectly, of very iii-nrly kU Ubi i-»i-n(y 
^Bloyed by maa in doing work. Our oonI-l>c<lB, the resiilui at 
^Hfeposit of vegetable matter, are va^t HtorebouMCH of Uii- m 
^^hgy, rendered potential duriog the growtli of tltii [ilaiitM inauy 
^^h i^o. Ever}' drop of water tbit falls U) the earth, auil rolls 
^^vay to the sea, coDtributing its mite to Uic unlx>iind«(l wnter- 
^Hfer of the earth, and ever}' wiad that blows, derives iIa power 
^Bctly fW)m the sun. 
^g XVin. TEMPERATURE. 

§ 108. Temperature defined. — If Iwxly A ia brought i 
■ntact with Ijoily R, and A loses and B gains iu heat, tlii-u A i 
■ntl to have had originally a higher lemperatvre tlmu II. 1 
I' ither body gains or loses, then both bad the same tcmiiera- 
ire. Temperature is the ^ate of a b6dtf mth referetice ti 
ii')i':er of communicating heat to or receivinfj heat from u 
'I'i'Ues. The direction of the flow of heat dctenuiucs whirli of 
rwo bodies has the higher tern [m- rat u re. 

§ 109. Temperature distineruifihed from quantity of 
heat. — The term temperature has no refereoec to quontity of 
heat. If we mis together two equal quantities of a substance at 
the same temperature, the temperature of the mixture is not the 
sum of the temperatures, — it is not greater or less than either 
before they wei-e mixed ; but evidently the mixture contains 
twice as much heat as either alone. If we dip from a gallon of 
boiling water a cupftil, the cup of water is just as hot, i 
has the same temperature, as the larger quantity, although of 
coarse there is a great difference in the quantities of heat the 
two bodies of water contain. Temperature depends upon the 
average kinetic energy of the individual molecule, while quantity 
of heat depends upon the average kitietic energy of the individuat 
molecule multiplied by the number of moleiyules. 
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XIX. DIFFUSION OF HEAT. 
There is always a tendency to equalization of temperature^_ 
that is, heat has a tendeney to pass from a warmer body to a ' 
colder, or from a warmer to a colder part of the same body, 
until there ia an equilibrium of temperature. 

§ Tin Conduction. — Experiment 1. Place one end of a wire 
abont 15"" long, in a lamp-flame, and liolcl tlie other end to tlic hand. 
Heat gradually travels from the end In the flame toward the liiind. 
Applj your Angers successively al different points nearer and nearer 
the flame; you find that the nearer you approach the flame the hotter 
the wire is. 

The flow of heat through an unequally- heated body, from 
places of higher to places of lower temperature, ia called coii- 
duction; the body through which it travels is called a conductor. 
The molecules of the wire in the flame have their motion quick- 
ened ; they strike their neighbors and quicken their motion ; the 
latter in turn quicken the motion of the next ; and so on, until 
some of the motion may be dually communicated to the hand, 
and creates in it the sensation of heat. 

Esperlment 2. Hold wires of (iifl'erent metals of the same length, 
also H glass tube, a pipe-stem, etc., in the flnme, and notice the dlfler- 
cnce in time that elapses before the sensation of beat is felt in the 
different bodies. 

Experiment 3. Go Into ft cold room, and place the hiilb of a ther- 
mometer in contact with various substances in the room; you will 
probably find that they have the same, or very nearly the same, tem- 
perature. Place yoar hand on the same substances ; they appear to 
have very different temperatures. This ia due to the fact that some 
substances conduct heat away from the hand faster than others. Those 
substances that appear coldest are the beat condactors. If you go Into 
a room warmer than your body, all this is reversed ; those si 
which feel warmest are the best conductors, because they conduct tl 
own heat to your hand fastest. 

Experiment 4. Twist together at one end similar wires o 
ofli'oa, copper, brass, etc., 11) or 15"" lony;, and Introduce thcra Into tf 




CONVECTION. 

nullB&nie. After a few minutes you can tell spproximatel; the order 
of thelt conducting powers, by moving- a match along each wire. anJ 
Beeingbow fiir from the flaiue it will light. 

You learn that some substances conduct heat much more 
rajiidly than others. The former are called gijod conductorg, 
the latter jtoor conductors. Metals are the best condtictora, 
Ihongh they differ widely among themselves. 

Experiment 5. Fill a test-tube nearly fbll of water, and hold it 
Eomcwlmt Inclined (Fig. lOA), bo that a Hame may heat tlie part of the 
lobe near the surface of the water. The pi ^^ 

water may be made to boil near its surface 
for several minutes before any change of 
the temperature at the bottom will be pcr- 




Liquids, as a dass, are poorer con- 
dtKtors than solids. Oases are much 
poorer conductors than liquids. It is 
ilifflcult to discover that pure, dry air 
pOEsesseB any conducting power. The 
poor conducting power of our clothing is due to the poor con- 
(Int'tiDg power of the fibres of the cloth in part, but chiefly to 
the air which is confined by it. (Why is loose clothing wanner 
than that closely fitting?) 

Bodies are surrounded with bad conductors, to retain heat 
when their temperature is above that of surrounding objects, 
and to exclufle it when their temiierature ia below that of sur- 
rounding objects. 

g 111, Convection. — When a hot brick, or a bottle of hot "J 
water, is placed at one's feet, heat is also conveyed to the feet. 
When heat is transferred from one place to another hy the 
bodily moving of heated substances, the operation is called 
convection; but this term i,s rarely applied to solids. Solids 
require some external force to effect the conveyance ; fluids do 
|M necessarily, as may be seen by the following experiments : — 
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beaker nemrl; full 
tlAme may jll^l 
Fis. UK. 




top of chimney 
rapidly descends 



Arranze appAntiu as hi Fig. 107. Fill tiie II 
f (Tiler, uid eteTKte it so that the tip of k Bm 

h the middle of the bottom. FiU a glass tnbaB 
with a deepl.T-coIor^ aniline solntioii, stop one e ' 
with & iln'fiT. and thm^t the other end into tbe wib 
to tbe bottom of the beaker: temore the finger, nd 
allow the solution to flow out and color the wtterit 
tbe bottom fur a little depth. Soon the coloRd 
liqaid immediately orer the flame becomes heittdi 
expands, and ttiereby becomes* less dense thu tl> 
liqnid above : consequently it rises and fonns an vp- 
wanl current tbrongh the colorless liquid. At 111* 
same time the cooler itqnid on the sides descei 
take the place of that which rises, and soon tin 
descenilin": cnrrenis become visible by the colotstiM 
of the water. By this mean» heat is conveyed tc 
parts of the liquid, which wonld otherwise becmt 
much hotter at the bottom than at the top in conn- 
qut'Qoe of the poor conducting power of water. 

If a ^lags tube C. bent as shown in the flgnte, l> 
filletl with water, and introduced into the be^r w I 
that the oritice of tbe »hort arm shall ^ 1 
just lieuealh the sorfiice of the colored ! 
wiHer. the colcred liquid will l>e seen slowlj 
ti> ascend the short arm, while the colder 
water will descend the longer arm. 

K.Tperlment 3. Provide a tightly.coT- 
ercd tin vessel (.Fig. 108) and two lamp- 
chimneys .V anil B. Xear one side of the 
top of the cover cul a hole a little smaller 
than the large aperture of chimney B. Near 
theoppositesideof the cover cut a series of 
holes of about 7°" diameter, arranged lu a 
circle, the circle being large enough to ad- 
mit a candle without covering the holes. 
Light the candle, and cover it with chim- 
ney .^. which should be outside the circle 
of holes. Fasten both cliimneys to the 
Hold smoking touch-paper C (see page 278) near the 
. The smoke, instead of tisinR, as it usually does, 
the cbiniuey, and in a few seconds will b« found 
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isceiidins; chimnoy A. Tlic air aroiiiKl thf rtaim* fM-foim-* In Mini. i\. 
p&iids. and r'we<. whiU* air fi*«)iii the niit«>ii|r rii«>!iiN iIumii liii- ••ili«r 
chimiK'V to svii»i>ly the lU'llcifiicy in tin* rarftlnl -juiri'. 'I lui'. In-.ii 
from the ttame is c<»nvi.*vi.Ml awav to (li««tant iila<-i'H. I'uvir Iht- unilii' 
ofcMiuiK'V U with the IiuikI, and thu Itaiuc will i|Ui(-kly ;;ii uui. 

The last oxi>eriineiit fii miss lies an i-x|»l:iii:iti«>ii ni' iii.iiiy 
familiar phenomena. It exi>I:iii)s llir caiisf of cliinini-y «ir:ir!^. 
and shows the necessity of providiiijr a nicaiis (if in^rn-y.^ a^ n,.|| 
as egress of air lo and fmiii a coiitiiK'«l tiiv. It i-xplain-* tin* 
methcKl by which air is put in motion in wiiifls. It illu^tratr^ :i 
method often adopted to ventilate mines. Let the int«-iini- nf liji- 
tin vessel represent a mine deep in the earth, and Ih*- rhiiiini\s 
two shafts sunk to opposite extremities at* the mi in-. A liii' 
kept hurnhig at the iMjttom of cme shaft will <'ausr a mrn-nt of 
air to sweep down the other shaft, and tlntKiLfii tin- min«*. ainl 
thus keep up a circulation of pure air thnm^h the mine. 

Liquids and gases are heated by convi*<'tiun. ( \V hy \u t\ >« li ii N ? ) 
Tlie heat must be applied at the l)ottom of the Imdy of Vu\\\'u\ or 
gas. (Why not at the top?) There is a still umut imparl .-nil 
method bv wliieli heat is ditfuseiL called rtitJinfitm, whirli will Im' 
treated of in its proper place, under the head <»f rudinnt < nrr'i'i. 

§112. Ventilation. — Intimately connected with the topic 
Convection^ is the subject (of vital importanee) Vi'nilhitinn, \\\i\^- 
much as our chief means of securing the latter is throiiiih the 
agenc}' of the former. The chief constituents of our atmospher** 
are nitrogen and oxygen, with varying quantities of water vapor, 
carbonic acid gas, ammonia gas, nitric acid vapor, and other 
gases. The atmosphere also contains in a state of suspension 
varying quantities of small particles of fri'e carbon in the form of 
smoke, microscopic organisms, and dust of innumerable sub- 
stances. All of these constituents except the first three arc 
called impurities. Carbonic acid is the impurit}' that is usually 
the most abundant and most easily detected ; so it has come to 
be taken as the measure of the purity of the atmosphere, though 
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not itself the most deleterious constitiicut. Pure out-door 4 
contains about 4 pai'ts of it by volume iu 10,000, If tlie qua 
tity rises to 10 parts, the air becomes uuwholeaoine. 

Kxperiment 1. Place a tcaspooulul of nnsladtcd limo In & ialoM 
of wnter ; & part of it will be disaalved. Filter the snlation tliroV 
unsized paper, aud Into the clear liquid blow brcntli from the 1 
through a glass taho. Tlie liquid turus milky-whit* in appear 
because the carbonic acid iu tliu breath unites wltli the lime dlssol^ 
iu the water, cud forms the insoluble cariiouate of limo, wliich ri 
BUspeuded for a time iu the liquid, but Oually settles as a white powi 
, at the bottom. 

2. Take a fresh quantity or lime water in each of a 
glasses, aud In any poorlj-veutllated room which | 
been occupied by several persona for a short t 
(unfortunately almoat any scbool-room 
the purpose), place oue glass uear the floor, and ti 
abellows blow into the liquid a few pufik of the loyt 
Etratum of air. Then place the other glass near ■ 
top of Uie room, and blow with the bellows bi 
the Qpperstmtumof all' Into the lime water. 1 
cases carbonic ocid will be found to be present, (| 
it wlE be much more abundant In the upper at 
as shown by the greater rapidity with which t 
cloudiness is produced In the upper 

Expertinent 3. In the center of a small clrcqj 
plauk (Fig. Ifflt) Insert an iron wire CO™ long 4 
7"™ in diameter. At intervals of 9™ solder to i 
wire short pieces of small wire, so as to prow 
horlzoubUly fi'om the large wire; and to the free e 
trcmities of these short wires solder small clreular 
pieces of tin 3™ In diameter. Arrange these little 

S;^^^=Jl platforms spirally avouud the vertical wire. Fix 
^^ stumps of candles upon these platforms by means of 
Tryi "■ little melted tallow. Light the candles, and carefully 
'■ -''M cover the whole with a tall glass jar. Heated ^r, 

Ifiuiii which tiie life 'Sustaining oxygen has been largely extracted.^ 
and rephiced by carbonic acid, rises from each flame and a 
at the top of the jar. This air will neither support life u 
tion, consequently the highest caudle flame is quielily extlngUlahflS 
The colder and purer air descends and feeds the loiver Ilanies, wli^ 



'i 



.k^ 



■ after florae, from the top Uownwani, is si 
bweat flame belug the lust to go out. 
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hrtonic acid gas is about oue and ono-half times heavier 
r at the same tem|jei'atni'e ; coiiaequeiiU.v, whan tmth liavo 
vsamc temyei-ature, and the former is veiy abuiuiaiil, it U'lula 
b settle to tho Iwttom, as in the viciuity of lime-kihia, iu whtell 
largo nuaQtities of tliis gaa ave generated. 

Til! knowledge of tiiia fact has led many to suppose that a 
means for the escfti>e of impure air need only be providod near 
the Hoof of a i"ooni. But it should be remembered (1 ) that Ihft 
tendency of carbonic acid gas, mileas present in excessive quan- 
tities, is to diffuse itself equally through a body of air ; but (2) 
when it is heated to a te!ni)erature above that of the surrounding 
^i(i Its when generated by flames, or when it escapes in the waiia 
'>i'eath of aniinals, it is lighter than tlie air, and eousequently rises. 
If this impure air could escajw at the ceiling while fresh air eu- 
tei'ed ftt tlie floor, the ventilation would be gootl. But Lisually this 
(rush air must be w.anned ; ami in passing over a stove, fui 
Or steam radiator, its t«inperatu!'e will generally become Ijigher 
SiaD that of the impure air, so that it will rise above tlie latter, 
wd pass out at a ventilator in the ceiling, leai'iug the floor cold ; 
hence, tbe most impure air is often fouud iu high school-rooms 
half-way up. 

Experience shows that, witli the oi-dinary means of heating, it 
is usually best, in cold weather, to provide for the escape of the 
I'oul air at tlie floor into a flue, iu which a draft is maintained 
by a neighboring hot ehimuey-flue, or a gas-burner, while tlie 
warm, fi'eab air is introduced at the floor, on the opposite side 
of the room, or sometimes at the ceiling. 

The quantity of fresh air inti-oduced must be great enough to 
dilute the impurities till they are harmless. Au adult makes 
about 18 respirations per minute, expelling from his lungs at 
each inspiration about 500"™ of air, over 4 i>er cent of which " 
'(ftrbonio acid. At this rate, alxjut 9,000'™ of air per minuta 
e unfit for respiration ; and to dilute this sufficiently, good 
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nrnthpritltis say thnt about 100 times as mncli fresh air is ueedt 
Har, for proper ventilation, about a cubic meter of fresh air i 
Hptinute ia needed for each person, or, in English measures, 2,( 
Kubic feet per boui'. 

■ If tlie beating coiild be bo arranged as to keep the floor pn 
nrl; warmed, the vitiated air might pass out at tlie ceiling, b 
Bpbe quantity of fresh air entering ut tlte floor might be mi 
BesB tliau that just stated. In mild wcutlier, wlieu the freeh 
Hoes not i-equire wai-ming, tlie iulet may be at tlie floor and ' 
Bbutlet at the ceiling. 

I QUESTIONS AND PROBLEMS. 

I 1. How would yini ventilate the titll jar In Expuriment 3 ? 

ft S. At eveulng assemblies iu lighted halls, what two tVuitfol aonr 

Bif carbonic odd are ever present ? 

■ 8' Why are gas burners fi-eqiieatly placed under tlie orifices of v 
ntlotors? 

I 4. A bed room is 3"" square and 2.. I"! high ; Sow long would the 
loosed air supply two pcrsuus on tlie supposition that none was to 
lire-breatlied f • 

B S. A hflll contains a thousand persons, nnrt its dimensions are 3 
RBXT". How often should a complete eliange oroir be efltcted that' 
Kina; not become vitiated ? 

I XX. EFFECTS OF HEAT. — EXPANSION. 

W Having learned something of the nature of heat, and how 
■passes fl'om point to pouit, let iis examine tlic effects it pi 
duces on bodies: these are ex[iu)iiilon and chaiige of ala 
The flrat gives a means of measuring temperature, and leads 
a fuller study of gasea than we have yet made. Under t 
lecond effect of heat we study liqnefnction and vipoHxation, 
piinl effect that is very obvious, tiie change nftemperalare, will 
[bund to depend in i»art on nbat is called specijie lieat, to 
fctudied on page 170. 

§ 113. Expansion of solids, liquids, and gases, — E 
^rlment 1, (JIitaiQ two short brass tubes, — oue of u she that h 
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permit it just to enter the bore of the otiior. Hrat tlu* hiiialltr iiiIm-: 
it will no longer enter the larjrer. 

Experiment 2. Fit stopiH'rs tl^Iitly in tin* iircks nf two Niiiiilar tliiii 
glass flaslcs (or tcst-tulx*s), and tlinm;;;!! rarh stopiMT pa**** a ;rla-- nO»- 
about 60<^™ long. Tlic flasks must Ik* as nearly alikr a"* p<i»»»»iM«*. Fill mih- 
flask with alcohol and the other wilh water, and crowil in tin- >ti»ppir«» 
so as to force the liquids in the tubes a little way alM»vr tin- «'iirk'». 
Set the two flasks into a basin of hot water, and nod- (hat. at thr 
instant the flasks enter the hot water, the li(pdds sink a litth- in tin- 
tubes, but quicklj'' begin to rise, until perhaps they rrac-h llif tup «»f tin- 
tubes and run over. 

When the flasks first enter the hot watrr tlu'V rxpaml. and t!H•rl■^\ 
their capacities are increased ; meantime lh<* heat has not rr:n!ji-.! tin* 
liquids to cause them to expand, conse(|urntly tiie iiiiuiiK sink nionn-n- 
tarily to accommodate themselves to the eidar^etl vrsx,.|. s>m»ii ih.- 
heat reaches the liquids, and they begin tc) expand, as >lio\\n by tlnir 
rise in the tubes. The alcohol rises faster tlum 
the water. Different substances, lK)th in tlie solid 
and liquid states, expand unequally on experi- 
encing equal changes of temperature. 

Experiment 3. Take one of the flasks used 
in the last experiment, dry it well inside and out- 
side, invert the flask, insert the end of the tube 
in a bottle of colored water (Fig. 110), and ap|»Iy 
heat to the flask; the enclosed air expands and 
comes out through the colored liquid in bubl)les. 
After a few minutes, withdraw the heat, keei)ing 
the end of the tube in the liquid ; as the air left 
in the flask cools, it contracts, and the water is 
forced by atmospheric pressure up the tube into 
the flask, and partially Alls it. 

§ 114. Coeflaoients of expansion. —There 
being generally greater cohesive force between tbe molecules of 
solids than between the molecules of liquids, the former expand 
less than the latter on receiving the same amount of heat, and 
for the same reason liquids expand less tlian gases. (See page 
38.) AU gases expand alike for equal differences of tempera- 
ture^ and the eoopansion is xmiform at all temperatures. Under 
uniform pressure the volume of any body of gas is increased by 
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2 1 ;j ii '^ vol u If J': at i\ni freezing point of wsr-er fc^* every degree cen- 
ii;rr;i'l'f. or ^^^ Tor everv degree Fahreijje;:. it* tenijtHcrrature is 
j;ii>5**'l. These frucliou* are called the •.•^i-fj'T'rtV :*^ v*^ ejcjwit^/oii. 
Not only rlo the eoeHioient* of exj^an^ion of li>;|T:Ms and solids 
v;iry willi the bub.staiiw;. but the eoefEci«-nt for the same sul> 
h\:iiu'i- varieK at diffV;rerit teini>eratures. Wing greater at high 
th;iii ;it low t<'iJij;eratiire.s. 

Ill ihe <-x|miisioii of fluids we liave only to do with increase of 
vohiiii''. r':illi(| ruhiral exj^finsiou. In the exy.>ans>ion of solids, 
we h:ive frefjiieiit oeeasioii to speak of expansion in one direc- 
tion 011I3 , :uid thJH is called linear exparision. 

i; lis. Power of expansion and contraction. — The force 
\vlji<:lj iiiiiy he exerted hy hodies in expaDding or coutracting ma}' be 
M'ly isitiii, u*^ hJiowii hy tlie following rough calcnlation : If an iron 
li;ii-. J -<j. in. ill section, is rais^'d from 0- C. '^freezing point of watery, to 
r,tnr(:. ^'1 (lull, red lie2Lt;Jts length, ifallowed to expand ftvely . will be io- 
rti-ti>.t'(\ I'foin J to J. fj<j(;, its coenieicut of expansion being alx>ut .0(»012. 
Now, .-i Tom: riijmhie of stretching a bar of iron of 1 sq. in. section 
tlil> ;iiiioiiiit. i^ jii^oiit 00 tons, wliicli represents verj- nearly the force 
thai. v.',ti\'[ \}t' n<'<M-ss;iry to jirovr.Mit the expiiiisiou caused by heat. It 
'.•.oiiM M-ijiiirr an «-<jiiai fom; to prevent tlie same amount of coutrac- 
lioM '' .III .ti\ \i\ \vliat?y if tlie Imr is coolecl from 5«>J- to 0- C. 

Ii«;jl< r jjlatc^ are rivet e<l wllli red-iiot rivets, which, on cooling, 
<li.iv, iIh [A:i\i-^ tfi;r''tlier >o a>s to form very tight joints. Tires are 
nil* 'I on ' ;inia;.Mr-\vlieels when red hot, and, on cooling, grip them with 

v«-i y ;.M'at, ror<-e. 

;. 116. A bnormal expansion and contreiction of water. 

\Vat< r pre.-eiits :i piirtiid exception to the general nde that 
iiiaiti-r e>.j,;,ijils on receiving lieat and contracts on losing it. 
if Ji rjii.-mi.ity of w:it<'r at 0"* C, or S-J"" F., is heateil, it 
roiji.raet'* jis its tejnptfniture rises, until it reaches 4° C, or 
nhoiit ;;'.)' F., wh('n its v(diinie is least, and therefore it has its 
mdj-.i/niii/L flf'ttx/ft/. W li(.*at(.'d lufvond tliis temperature it ex- 
pand.-^, mid at ahcMit 8^ C. its volume is the same as at 0°. - On 
cooiin^r, watctr readies its maximum density at 4° C, and ex- 
Is as the temperature falls below that point. It is probable 
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THERMOMETRY. 

t crj'stalHzation, and consequeatlj- cxpiuiaioa (si^c pago 28) 
>egins at 4° C. (WLat ia tbe temperature at the boltoiti of 
>ond wheu water Iwgins to freeze at the BUifftue?) 

VeCte of espausion )jy heat ore nell iU list ratted io the commoil: 
Ihermometer. As its temperature risos, l>oth the glass and the 
mercury exiiand ; but, as liquids are mora eximiisiUe tliaa 
solids^ the mercury expands mitch more rapidly than the glaaa, 
nud the appartnt expansion of (he mercury, alicvui by its rise in 
the tube, is the difference betweeii the actual increase of volumt 
of the mercfcry awl that of the part of the glims vessel coiitninini 
it. The thennoTnetcr, theu, piimainly indicates changes 
ume ; but as changes of volume in this case ai-e caused b; 
oiiges of temiieratun?, it is coinmoiil.v used For the tnori 
tant purpose of measuring temperature. (Wil 
e quantity of heat?) 



JUS. Construction of a thermometer — A thcrmomtttr 
rally coiiMnts of a glass tulio uf (ipilhi3 1 oie termmatiug 
^one end in a bull) Tin, bulb in 1 [iiit of the tule aie fiUedl 
li mercur\ and the space in the tube abo\e the rneicui 
fc ally, but not necessaiilj ft>-jLuum On the tule oi o 
^te of metal behind the tube is a scile to show the hight of 
B mercurial eolumii 

M 119. Standard temperatures — That a thci inomcte? 

nay mdicat*. am dehnrti. tLmpeiituie it if ntcessan that i 

scale should relate to some definite and unchangeable point* 

of temperature ioitunitelj Nature furmahea ua with twrf 

mveuient standards It h fjunl that nndoi ordinaij i 

sspherlc prcsBUie ice 1lna^s melts at the sime tempciatura 

\iied the melti] If point or moio commonlj tfie frtex nq pout 

Riaamuch as watei lieezci and ice melts at the same tt-mpeia 
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til re). Again, the temperature of steam rising from boiliiig 
wuU;r under the same pressure is always the same. 

§ 120. Qraduation of thermometers. — The bulb of a 
thermometer is first placed iu melting ice, and allowed to stand 
until tli(; surface of the mercury Ijecomes stationary, and a mark 
is mad(j upon the stem at that point, and indicates the freezing 
jfoi'nt. Then the instrument is suspended in steam rising fh)m 
hoiliii;^ water, so that all but the very top of the column is in the 
steam. The mercury rises in the stem until its temperature be- 

„, „, comes the same as that of 

Fig. 111. 
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the steam, when it again 
becomes stationarj*, and 
another mark is placed 
upon the stem to indicate 
the boiling point. Then 
the space between the two 
points found is divided into 
a conr^ttient number of 
equal parts called degrees, 
and the scale is extended 
above and below these 
points as far as desirable. 
Two methods of division 
are adopted in this coun- 
try : by one, the space is 
divided into 180 equal 
parts, and the result is 
called the Fah renheit 
Kcnh', from the namc^ of its author; ])y the other, the space is 
divided into 100 ecjual parts, and the resulthig scale is called 
nuilifjnuU^ whi('h means one hundred steps. In the Fahrenheit 
Kcak^, which is generally employed for ordinary household pur- 
l)os(».s, tlu; freezing and boiling points arc marked respectively 
32° and 212°. The of this scale (32° below freezing point), 
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^^tia altout the lowest ti^mpomtiire that can be olitaiii^ by a 
^^fec of snow ami salt, was incorrectly aupiioaed to Iw the 
^Ht temperature Attainable. The eentigiade scale, whicli is 
^^nlly ciuplo^ecl by scientists, has its tVeezing and builtug 
^^Bmore conveniently markeil, respectively 0° and 100°. A 
^^KraUire below 0° iu either scale in indicated by a minus sign 
^Be tbe number. Thus, — 12° F. indicates 12° below 0° (or 
^^Kelow freezing point), according to the Fahrenheit scale, 
^^k F. nnd C, Figure 111, the tvro scales are placed side by 
^^H so as to exhibit at intei'vals a comparative view. 

^^B2L Conversion from one scale to the other. — Siace 
^■0= ISO^F., 5''C. = Ll°F., or l''€. = | ol' TF. Hence, 
^^navert centigrade degrees into Faiirenheit degrees, we mul- 
^^Bthe number by | ; and to convert Fahrenheit degrees into 
^^Bgrode degrees wc multiply by |. In finding the temjH.'r,atui'e 
HWne scale that corresponds to a given temperature on the other 
i-'-n\e, it must be remembered thnt the number that expixtssea 
tlie temperature on a Fahrenheit scale does not, as it does on a 
L'L-ntigratle scale, express the number of degrees above freezing 
point. For example, o2° on a Fahrenheit scale is not 52' above 
freezing point, J)nt 52° — 32" = 20" above it. 

Hence, to reduce a Fahrenheit reading to a centigr.adc read- 
ins;, _^r.s( subtract 32 froin. the gh*eii ninnbei; and then nudtipJ;) 
h;i^^. Tbna, 5{F-32)=C. 

To change a centigrade reading to a Fahrenheit reading, first 
iii'iUquly the ffiven number hij ^, awl then add 32. nius, 
tC + 32 = F. 

^m PROBLEMS. 

^^K The tliflVrouec between two tfin|ierntiircs is SO centigrade dc- 

^^b. Wbut is ttic (im'urence tii Fahreiilielt degrees? 

^^B When the (emperature of a ronni Iklls 30 Falirenbeit degrees, 

^^BjOiHIty eentlgrade degrees !a Its temperature lowered? 

^^K SnppoBC tiio temperalure of the above room liefore the fall w»S 

^H., (ii) wlial was Its tcmiierature aftei' the fall? ('-) What were the 
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tcmpcraturas of the room before and after the fall, according to ft 
centigrade tlicrinometer? 

4. Express the following temperatures of the centigrade scale in the 
Falircnlieit scale : 100°; 40°; 5G°; 60°; 0°; -20°; — 40°; 80°; 150^ 

NoTK. — In adding or subtracting 32°, it should be done algebraicdUji. 
Thus, to change — 14° C. to its equivalent on the Fahrenheit scale: { X 
(- 14) = - 25.2 ; - 25.2° + 32° = 6.8°, the required temperature od the 
Fahrenheit scale. Again, to tind the equivalent of 24° F. in the centi- 
graile scale : 24 — 32 = - 8 ; — 8 X f = — 4iJ ; hence, 24° F. is equirft- 
lent to — 4.4° + C. 

6. Express the following temperatures of the Fahrenheit scale in 
the centigrade scale: 212°; 32°; 90°; 77°; 20°; 10°; -10°; -20^; 
- 40° ; 40' ; 50° ; 320°. 




§ 122. Air thermometer. — Prepare apparatus as shown in 
Figure 112. A is a glass flask of about one-fourth liter capacity, tightly 
Fig. 1 1-2. stopped. Through the stopper extends a glass tube about GO* 
long, which also passes through the stopper of a bottle B, 
partly fllled with colored water. The latter stopper is pierced 
by a hole a to allow air to pass in and out ftreely. A strip of 
paper C, containing a scale of equal parts, is attached to the 
tul)e by means of slits cut in the paper. 

Grasp the flask with the palms of both hands, and thereby 

hcjit the air in the flask and cause it to expand and escape 

through the \u[U\([ in biibl)les. When several bubbles have 

escaped, remove the hands, and the air, on cooling, will con- 

; tract, and the li(iiiid will rise and partly flll the tube. 

The apparatus described is usually called an air th^^' 
mo meter; but it is, more correctly speaking, a therW^' 
scope. It renders slight (;lianges of temperature much 
more perceptible than a mercury thermometer, iii^^ 
tlierefore is said to l)e more sensitive. For instance, i^ 
an air thermometer and a mercury thermometer, wliose 
])ul])s are of the same size, are carried from a coUl 
room into a warm room, or vice versa, the changes in 
H the hight of the liquid cohimn in the air thermometer 
will l)e much gi'eater and more rapid tlian in the mer- 
cury thermometer. In the former, the temperature is measured 
l)y tlie expansion of air ; in the latter, by the expansion of mer- 
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cury. (Why is the former inure ft4*ii.sitiv<* than thi* !:i!!ri?) 
This simple air Ihcnnometer cannot havt* :i fixcil M-ali- Hlmwin.; 
the tem\)ei*aturt; In Faliivnheit or<i»nti«;r:uh' t|f;rri-i-!* a*, a nit-riiirx 
thennometer does, innsiiineh as the hi'fht ol'tlir Ihiniil I'l'liiitin i-t 
affecte(.n)y atmospheric pressure as well as hv it iii|m ratiin-. «.if 
that when the temperature remains the sanir. vari:itiimi immiu 
coiTesi)on<lmg to the ehanjres of tlie lian^nirtrir ruhmin. iJu! 
in many scientillc investigations a jj:o<h1 air tht^nmnni-trr !•* tntii r 
than one containing niemiry. The tlierniopih* and ;jal\aniiiiii-- 
t^r (see page 230) constitute a still more sen^itivi* appaiMlu^ 
for showing chanjres in teni!K»ratnre. 

§ 123. Measurement of extreme temperatures. — .Mii- 
cuiT lx>ils at 34«.s^C'. (<J0o' F.) ami nviv.rs at - ;;i» (. 
(—38.2° F.), and therefore cannot be used for imlli-ntln'j t«iii- 
peratures above or below these (toints. Kxtrenifiy liii::li iriiiprin- 
tures are measured by the expansion of s«>lids, usually a md nf 
platinum, and the instiniment used for this purp«»M' i> rnll»d n 
pyrometer. Alcohol is used in thermometers emplu\»'(l t«> ni«a>«- 
ure extremely low temperatures. The air lln*rin<»nirt»r may In- 
used at any temperature that will uot sorten tlu- luilb and tnlir. 

§ 124. Absolute temperature. — If a ImmU- of nir nt n c. 
is heated, its volume is increased 7>i^ of the oriirlnal vnlimn. for 
every degree its temi)erature is raised. At 27.'>'('. its vtilmin' 
is consequently doubled. If a lx)dy of air is cooled below ()"* ( '. , 
its volume is diminished for every degree its temperature is low- 
eretl t^X-j of its volume at 0° ; and so, if its voiunu' were to con- 
tinue to deci'ease at that rate until it should reach — •273°('.. 
mathematically si>eaking its volume would become nothin<r; but, 
practically- the air would cease to be a gas, and would become a 
compact, motionless mass; that is, all molecular motion would 
cease at that i)oint, and so the point of no heat would bi' reached. 
This point is called the ahsolnte zero^ and temperature reckoned 
from this i)oiut is called absolute temperature. On this scale all 
temi>eratures would be ix>sitive. 
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NoTR. -^Air and all other gases we know (see page 20) are con- 
verted into liquids and solids long before they reach the tempentoie 
or — 273"C. ; so, of course, they cease to obey the law of Mariotte* 
(pa^u 51)). Though a body has never been cooled to the absolute zerOt 
there are reasons, far more conclusive than the one given, which justi^ 
UM in i)elleving that all molecular motion would cease at a point ray 
near — 273^^0. In the further study of heat, the use of the scale of 
absolute temperature is a great convenience. 

I'ho absolute temperature (based on the above theorj') may 
be found by adding 273 to its reading on a centigrade thermome- 
ti'r, or 41)2 to its reading on a Fahrenheit thermometer. (See 
Figure 111.) 

§ 125. Laws of gaseous bodies. — It follows, from the 
above discussion, that the volume of a given mass of gas at con- 
stunt jirvHHure is proportional to its absolute temperature. Tliis 
is called the Law of Charles, 

If, however, a body of gas at 0°C. is enclosed in a vessel of 
rigid sides, its volume must remain constant at all tempera- 
tures. In this case the pressure on the sides is increased by 
■^\^ of the pressure at 0° for every degree its temperature risefli 
ami is diminished it\^ for every degi^ee its temperature falls ; 9sA 
if It were to continue to decrease at this rate, at — 273°CMi* 
would become nothing. Hence, the pressure of a given body 
<)f(/((s^ irhose volume is kept constant, is proportional to its abso- 
hilv ti'inpcruturo. 

Miiriotte's law states that at a constant temperature the voir 
vmc <{f (I (jiren hnbj of gas is inversely proportional to th^ 
pressure to irhich it is subjected; i.e., the product of the pressure 
<tn(l the vol tone is constant. Now, when both the pressure and 
the volume vary at the same time, it is evident that the prod- 
net of the pressure and the volume of a given body of gas is 
proportional to its absolute temperature. 

PROBLEMS. 

1. Find in ])6th ccntic^rade and Fahrenheit degrees the absolute tem- 
peratures at which mercury boils and freezes. 

2. At 0^ C. the volume of a certain body of gas is 600<*™ under a 
coustaut pressure ; (a) what will be its volume if its temperature is raised 
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(6) What will bii \la volame if its Unnperatnre bocomM 

t the volume of a body of gas at W C. is 200«", what will be H 
D° C. ? Solutinn : 20° C. is equivalent tu (20 + 373) 2S3 abs. 
; Ihen 2!>3:303::S(«:206.8°™'. Ans. 

I To what volume will a liter of gas tontmct if cooled from 30" C. 

T One liter of gas aniler u pressure of one atmosphere will have 

jl volume If, at a constaut teinpurature, the pressure Is reduced tu 

■ square centimeter? 

lie volome of a certain body of air at a temperature of 17" C, 

ler a pressure of 800* per square centimeter, is 5U0«™ ; wlmt will 

jpi volume at a temperature of 27° C. under ii pressure ot 12DUE per 

e centimeter? Solution : 17° C. is equivalent to 200" aba. temp. ; 

!. Is equivalent to 300° abs. temp. Then 290 : SCO : : 500 X 800 i i X 

• Whence x = 344.6™'. Ans. 

t the volume of a body of gas uuder a. pressure of l"" per square 
r, and at a temperature of 0°C., is 1 liter, at wli at temperature 
,S volume be reduced to I™'" udder a pressure of l-OO"" per squni^o 
meter? Ans. : 54. G*^ aba. temp. , or — 21W.1" C. 

1 the temperatures on the alisolule scale at which iiodies 
page 161 melt or boil. 
L If a cubic foot of eoal-gas at 32° F., wlieu the linrometer It 
relghs :/j lb., how muuii will au equal volume weigh at fiM' 
D the bai'unietcr is at 20 in. ? 



S 126. Kinetic theory of gases. — This theory claims that 

in gases the inoleoiiles are so far aeitarated from each other that 

tbetr motions ai'c not generally iiilliicn'ced by molecular attrae- 

Uence, in accordance with the first law of motion, the 

lules of gases move in straight lines and with uniform v 

fey, until they collide with each other or strifie against the 

s of the containing vessel, when, in consequence of their 

Bticity, tliey at once rebound and start on a new path. 

f picture to ourselves what is going on in a body of calm 

\ for instance, by observing a awann of bees, when eveiy 

pividual bee is flying with great velocity, first in one direction 

d then in anotlier, while the swarm either remains at rest or 

8 slowly through the air. 
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§ 127. Pressure of a gas due to the kinetic energy of iti 
molecules. — Consider, then, what a molecular stonnmustlje 
raging about us, and how it must beat against us and against 
every exi)osed surface. According to the kinetic theory, the 
pressure of a gas (or its expansive power as it is sometimea 
called) , is entirel}' due to the striking of the molecules against the 
surfaces on which the gas is said to press, the impulses following 
each other in such rapid succession that the effect produced can- 
not be distinguished from constant pressure. Upon the kinetic 
energy of these blows, and upon the number of blows per 
second, must depend the amount of pressure. But we saw on 
page 141, that on the energy of the individual molecules depends 
that condition of a gas called its temperature; so, it is apparent, 
as stated above, that the j^ressure of a given quantity ofgasvarks 
as its temperature. Again, as at the same temperatm*e the num- 
ber of blows per second must depend upon the number of mole- 
cules in the unit of space, it is apparent that the pressure varies 
as the density. 

Tlie following csthnates made for hydrogen molecules atO^Cand 
under a pressure of one atmosphere, may prove interesting : — 

Mean velocity, GlOO feet per second. 

Mean path without collision, 74 ten-millionths of an inch. 

Collisions, \)4rS0 millions per second. 

Mass, 1 million million million weigh 1 milligram. 

K umber, 31 million million million 1111 1 cubic inch. 

§ 128. Diffusion of gases and liquids. — The kinetic the- 
ory of gases explains why gases penetrate into any spaces open 
to them, and likewise the phenomenon known as the diffusion 
of (jdses (soo page 41), The presence of a gas in a giv^ 
space only delays the spread of another gas in the same space 
by collision between the molecules of the inter-diffusing gases. 
The diffusion between liquids, though not so well understood^ 
is undoubtedly due in part to similar molecular motions. 
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cperiment 1. Melt sepanik'ly lallow, laril, and (ipes^iYax. When 

y melted, stir well ivlth a thennometer, and ascertain Ihe iiielliiig 

if ooch of these substsucus. 

perlment 2. Place a teat tube (Fig. 113). half filled wltJi c-tlier, 

T containing wat«r al a temperature of 60° C. Altliongh the 

tare of the water is ii)° below its boiliug pciliit. 

ty quickly raises the lemperatore of tlie ether sulfi- ^'S- "*■ 

o catise It to boil violeully. Iiitrocluce a clieiiii- 

■bermoinetGr ' intiJ the test tube, and ascertain tin.' 

g point of ether. 

iperlment 3. Half till a glass beaker of a liter 

y with tVagmcnts of ice or snow, and m^t liio 

r Wkec into a hasin of boiling-hot water. Stir the coii- 

teut; of the beaker with a thermometer until the ke is 

^1 melted, observiug tram time to time the temperature of the ci 

Tile temperature remalus constant al 0"-' C. uutil the ice is all melted. 

Experiment 4. As soon as the last piece of ice disappears, remove 
the flash from the warm water, wipe the outside, and place it ove 
BoDseu burner aud heat. Observe that the temperatiu-e rises c 
siantly until the water begins to boil; bnt after it begins to boil, the 
ifroperature remains constaut as long as It boila. Place more burners 
nuder the beaker; the water boHs more violently, !)ut the temperature 
la nut raised. 

Experiment 8. Place in contact the smooth, dry sni'faces of two 
pieces of ice; press them together ftr a few seconds; remove 
pressure, and they will be (bund firmly frozen together. The ice a 
eurfttces of contact melts under the pressure, but when the pressn 
removed the liquid instantly freezes and cements the pieces together. 
It is in this manner that snow-balls are formed. 

Note. — If a thermometer is placed in a. mliCure of Ice n 
and tlie mixture is Buljjected to great pressure, some of the lee will 
melt and the temperature will fall ; but when the pressure is removed, 
a portion of the water freezes and the temperature rises. From this 
we learn that tA« meJting (or freezing) point of water is mry slightly loiv- 
end bypreMKre. Tlie tlepression is about yj;; of 1° C for each atmos- 
pliere. On the other hHnd„lt is found tliat subi'tanccB inliich, uiiJike ice, 
expand in iMIHuq, haiw Ihelr melting poiuts raised by presauM. 
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Fig. 114. 




Experiment 6. Half fill a thin glass flask with water. Boil the 
water over a Buuseu burner; the steam will drive the air from the 

flask. Withdraw the burner, quickly 
cork the flask very tightly, and plunge 
the flask into cold water, or invert the 
flask and pour cold water upon the part 
containing steam, as in Figure 114; the 
water in the flask, though cooled several 
degrees below the usual boiling point, 
boils again violently. The application 
of cold water to the flask condenses 
some of the steam, and diminishes the 
tension of the rest, so that the pressure 
upon the water is diminished, and the 
water boils at a reduced temperature. 

If hot water is poured upon 
the flask, the water ceases to boil. 
(Why ?) Under the receiver of an 
aii'-pump, water may be made to 
boil at an}' temperature between 
0° and 100° C; indeed, if exhaustion is carried far enough, 
])oilin2: tuid froezin<>: may be "foinor on at the same time. W^lieu 
hiirli temperature is objectionable, apparatus is contrived for 
boiling and evaporating in a vacuum ; as, for instance, in the 
vacuum pans used in sugar reiineries. As water boils more 
easily under diminished pressure, so it boils with more difllculty 
when the pressure is increased ; and the temperature to which 
water may be raised under the pressure of its own steam is 
only limited by the strength of the vessel containing it. Ves- 
sels of this kind are often employed to effect a complete pene- 
tration of water into solid and hard substances. By this means 
gelatine is extracted from the interior of bones. In the boiler 
of a locomotive, where the pressure is sometimes 150 lbs. above 
the atmosphere, the boiling point rises to about 180° C. (360° F.). 

Kxperiment 7. Dissolve table-salt in water, and you may raise 
its boiling point till it reaches 108^ C. With saltpetre it may reach 
115^ C. 



AWS OF FPSION AW 

On the other hand, it is well known that sea-water, whicli con- 
I Wns saline matter in solution, fi-eezes at a Iowlt tcinpenituro 
]° C. From the above experiments, and otlicre of a similar 
i, we derive the following 

LAWS OF FUSION AND 

, The temperature at Khich 

itinell differs for Hifferent tub- 

, but is invariable fvr the 

H tubalance, if the preamre is 

\t. Substances solidlfff usu- 

the tame temperatures as 

u icftfcA they tntlt. 

i. After a solid begiai to mell, 

Ml temperttture remains oonslant 

infil the whole i» melted. 

S. Tres»ureloiiKrathemeltiiii/(or 
KUdlfying) poiid of siibttances that 
iolidifging, and raises the 
BKlttnff point of those that contract. 
4. The freezing point of water is 
loaered by the presence of gaits in 
Joliition. 



1. T7ie temperature at Tehkk 
liquids boll differs fhr different sub- 
stances, bitt is invariable fur tht 
same substance (/* the pressure i» 
constant. Vapors Uqvejy at tht 
same temperatures as those at tehieh 
they boil. 

2. After a liquid begins to boit 
the temperature retnatns constant 
until the whole is vaporited. 

8. Pressure raines the boitinp 
point of all substances. 



4. 3^ boiling point of water ] 
raised by the presence of salts i 
solution. 






EKFEBENCE TABLES. 
Melting Points. 

Alcohol Never (Wizen, 

ircury -39°C. 



Ipbnric acid . 



Phosphor 
Sulphur . 



Silver .... 

Gold 

Cast-iron . 
Wrought-iro 



..about,... 43e°C. 
. .. " ....1000° 
... " ....1200° 
. . . " 1050-1250° 

. . . ■' isoo-ieoo^ 



Iridium (the most 
Infusible metal) 
about 



Boiling Points under a Pressure of one Atmosphere. 
Wbonlc acid - 7S° C. I Carbon bisulphide 48= C. 



Dimania 

Ilphurousacid. . 



Alcohol. . 

Water 100= 

I Mercury 850° 



MOLBOmAB XSTKRQT.^EKAX. 



Boding FoinU of Water at Diftrtnt 




868.6°.. 



1H°V..... ie.68iii 

190° 18.90 

800° 88.48 

aiO° 28.7* 

813° 29.93 



The temperatnre of tbe boiling point of water taiIm yrKb Oie iW- 
tad« of places, In couseqDence of the dUferent atmoephertc iiiiwiiiiii 
A dUIbrence of altltDde of 588 ft. caoBes a TBrUtUon of 1° F. In At 
boiling point. 

BoOing FotntM of Water at D(feretU .dUftiidM^ 
Aborelli 




Highest peak of HImalaTas. 

Hont Blanc 

Ht. Washington. 

Boston 

Dead Sea (below) 

9 129. DietiUation. - 




Apparatus like thai repreBented in 
Figure 115 maylw 
easily constructed. 
The following ex- 
periment will be 
found interesting 
and instructive. 



Elxperiment. Half 
an the flask A with 
water colored with a 
few drops of Ink. 
Boll tbe water, and 
the steam arising will 
escape throngh the 
glass dellrerr tube 
BB. This tube Is surrounded In port by a larger tube C, caBed a con- 
denser, which Is kept filled witb cold water flowing from a Teasel D 
throQgh a siphon S, the water flnaU^ escaping through the tube S. 



EVAPOItATION. 

The steam is condensed in its jiassage UiroDgh the delivery tube, and 
the resulting liqaid is caaglit in the vessel F. Tbe liquid cftiiglit Is 
colorless. A complete separation of the watery portloa of tlie eulorcd 
liqaid rrom the otlier ingrcdieots ot the Ink is efl^cted. tbu Inlter being 
left in the flaek A, 

The separation fs accomplisbed on t/ie principle that the tem- 
perature of the boiling points of different substances differ. The 
water is raised to its vaporizing point, but tlie other substances 
are not. The apparatus is called a still, and the opcratiua 
dtsHUcUion. 

If a volatile liquid, sueli as alcohol, is to be separated from 
water, the misture is heated to the temperature at which the 
volatile liquid boils, but not to the boiling point of water, whea 
the alcohol will pass into the vessel F, and the water, for the 
most part, will remaiu in tlic flask. 

§130. Evaporation. — In boiling, the heat, usually ap. 
plied at the bottom, rapidly converts the liquid into vapor, 
which, rising in bubbles and breaking at or near the surface, 
produces a violent agitation in tlie liquid, sometimes called 
ebiiUilion, Evaporation is that form of vaporization which takes 
place quietly and slowly at the surface. The phenomena 
laws of vaporization of all liquids arc similar, but wo will study 
only the important case of water. Although hastened by heat, 
the evaporation of water occurs at any temperature, however 
^^mr ; even ice and snow evaporate. 

^^m The rapidity of evaporation varies directly icUh (he tempera- 

^BtK, amount of surface exposed, and dryness of tlie atnwsphi 

^Bnd inversely with the pressure upon the liquid. Tliis vapor of 

^brater mixes freely with the air, and diffuses readily through it, 

^P^^cling like another gas (compare pages 42 and 158). The air 

does not take up water like a sponge, as is commonly imagined 

for, if the air could be removed from a room, where there 

large vessel of water, everj' cubic foot of the space in the room 

■^ would be found to contain just as much water-vapor as it doea 
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when the air is present, — probably a very little more. In either 
case, only a definite quantity would be found in each cubic foot, 
a quantity depending on the temperature of the space. Thus, at 
0°C., each cubic foot can contain 0.14«; at 10% 0.26«; at 20°, 
0.49«; and at 30°, 0.85^. Evidently the capacity is nearly 
doubled by a rise of 10° in temperature.- 

§ 131 Dew point. — When a space contains such an 
amount of water-vapor, whether it contains other gases or not, 
that its temperature cannot be lowered without some of the water 
being precipitated in the form of a liquid, the space is said to be 
saturated^ and the temperature is called the dew point. The form 
in which the condensed vapor appears is, according to its loca- 
tion, dew ^ fog ^ or doud. The atmosphere is said to be drjf or 
humid^ according as the difference between the dew point and 
the temperature of the atmosphere is great or little. 

QUESTIONS. 

1. Why does our breath produce a cloud In winter and not in sum- 
mer? 

2. (a) If air at 0° is warmed to 20° C, how will its dryness be 
affected? (6) What effect would such warmed air have on wet clothes? 

3. If saturated air at 20^ is blown into a cellar where the tempera- 
ture is 10-\ what will happen? 

4. What is the cause of the general complaint of dryness of air in 
rooms heated by stoves or furnaces? 

5. Does a given mass of air in such a room contain less water-vapor 
than an equal mass of cold out-door air at the same time? 



SSIil. HEAT CONVERTIIil.E INTO pnTENTIAL ENERGY, AND 
VICE VERSA, 

5132. Heatumta. — It is frequently necessarj- to meiisura 
(]'iantity .of heat, and for thia purpose a standard unit of measure- 
Ftient is required. Tlie heat unit generally adopted is the amount 
■•/heat required to raise the leviperature of one kilogram of imtef 
from (f to 1° C. This unit is called a calorie. 

Let it be required to find tbe amount of heat that disappears 
(Exp, 3, p. 159) during the melting of one kilogram of 

Kxperlmeat 1. Place 1^ of Ice at 0° C. in a beaker, and the beaker 
Inalurge basin of boiling water (Fig. Ilti), and at tlie same instant 
place in the hot water another beaker containing li- of water at O-' C. 
Place in each beaker a thermometer, and at the instant that the ice 
disappears note the teinperatare 
or the water iu eaeh ; it will he 
round that while the temperature 
uf the Ibnner has not changed, 
tlie latter lias risen to about 80" C. 

It is evident that the contents 
of both beakers must have re- 
ceived the same amount of beat ; 
hence, the amount of heat re- 
ceived by the water being 80 
calories, (Ae amount of Aeof that disa;>;)eara or is lost during thi 
vieltivg of one kilogram of ice is 80 calories. 

Next, let it be required to find the amount of hesit that dis- 
appears (Exp. 1, p. 159) during the conversion of 1^ of water 
into steam. 

Bxperlment 2. Place l"" of water at 0" C. in a beaker, and heat tho 
same with a Bunsea bamer. Note the time that tt takes to raise the 
water from 0"C. to 100° C, also the time during which the tcmperatnra 
of the water remains stationary while the water Is boiUng away. The 
:r time will be found to be about Ave times the rornior. 

Kow, as the water receives 100 calories duiing tlie time it is 
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rising from the freezing to the boiliDg potut, it must receive sibi 
500 calories duriug the time it is coiivci'tcd into steam : but fl 
temperature of the water is not changed during the latter on 
ation. More accurate methods have the number o37 ; so it | 
Iowa that 537 calories disappear, or are lost during the converai 
ofl Jeilogram of water into steam. 

§ 133. Two questiona anawered. — Inasmuch as uonej 
the boat applied during the melting of ice and the conversil 
of water into steam raises the temi^rature of the body J 
ffhich it is applied, the question arises, What does the h 
Again, Why ia not ice inatantbj converted into water on 
ing the melting point, and water instantly converted into « 
reaching the boiling point? 

The answer to the first qneation is, All of the heat applied 
tneltii^ ice is consumed in doing interior work, as it is ( 
The molecules that were fii'mly held in their places by molec 
forces are now moved from their places, and so work is c 
against these forces, just as work is done against gravity v 
a, weight is lifted. In the conversion of water into stfiara 
similai' action goes on ; the heat is ex^ieuded in separatil 
the molecules so far that tiie molecular attractive forces a 
longer sensible, all except the small traction used in ovei'co 
atmospheric pressure.' Heat, the enei^ of motion, in 
instances does important work, and ia thereby converted i 
the energy of position, or potential enei^y, — energy c 
Bame kind as that of a raised weight. 

The answer to the second question is, The amount of n 
done in both instances is great, as shown by the amount of I] 
consumed in doing the work ; 80 calories per kilogram ( 
being required in the first instance, and o37 calories perk 
^rum of water in the second ; hence it requires a long t; 
acquire the requisite amount of heat. It is fortunate t 
takes a large quantity of heat to melt ice ; otherwise, on a 
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n day m winter, all the ice and snow would melt, creatiag 

it destructive freshets. The heat which disappears in melting 
\A l)oillng ia geDerally, but with our present kuowledge of the' 
,, rather objectionably, called latent (hidden) hetU. Ths 
ir consists in calling that heat which has ceased to he heat, 
mt; has ceased to be molecular motion. 

' § 134. SSethoda of producing artiflcial cold. —The fact 

it heat must be consumed because work is done, in th' 
'"ersion of solids into liquids and liquids into vapors, and 
simple expansion of gases, is turned to practical use in many 
^&ys for the purpose of producing adificial cold. They are 
einbraced under three heads; viz., Cold produced by solution, 
^ evaporation, and by expansion of gases. The following ex- 
periments will illnstrate. 

S 135l Cold by solution. — Freezing mixtures. —Expert- 
■aent. Prepare a miiture of 2 parts by weight of pulvoriied ararao- 
Dlnin Ditrate and 1 part of auunoDiuin chloride, nud disiiolve In 3. 
iiarlfi of water (not warmer than 10° C), stirring the same white 
dinsolving- with a tcst-tnbe containing a litUe 
teat tube will be quickly frozen. A linger ^ 

placed in the solution will feel a paluOd 
sensation of cold, and a thermometer will 
indicate a temperature of about — 10° C. 

One of the most common freezing 
mixtures consists of 3 parts of snow or 
broken ice and 1 part of common salt. 
The affinity of salt for water causes a 
liquefaction of the ice, and the result- 
ing liquid dissolves tht- salt, both oper- 
S^ODs reijniring heat. 

g 136. Cold by evaporation. ^K»periment l. FiU the palm 
I of the hand with ether; the ether quickly evaporates auU produces ■ 
•InntI sensation of cold. 

Ebcperiment 2. Place water at about 10° C. in a thin Qoroua cnp, 
^b as Is used In the Grove's battery (see iiage 190), and latroducw 
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thebnlbof atlieniKMiieter; •Ithoqijh Ihe eip a ffl iaga t bfc mimAKMk%\ 
wsrm room, the Urge rarfkce eiqNMed bj meuit ct the pomtTea^:' 
will so hasten eraponitloii that hi the eonne of fifteen nlimlM Ml. 
wm be a very eeDsible lUl hi terapeimtme. 

Bjcperiment 8. Corer cloeelj the bidb of an air thetnooMtar (Hfr 
117) with thin nradfai, and partly fill tiie stem with watar. Let m 
person slowly drop etiier on the bulb whUe anotiier. bfiaU|y btom te 
air cliarged with yi^or away from the bolb with a bellows. (WI7I) 
Tlie water in the stem' will quickly fireese eren in a warm room. 

QUESTIONS. 

1. Why do we bathe the fevered forehead with alooliol and wite! 
t. How does perspiration contrlbote to onr eomlbrt f 
t. Why do we fan ourselves ? 

4. Why does a windy day seem colder to us than a still day, slflMWi^ 
the temperature is the same on both days ? 

0. Why do we blow onr hot tea, and wliy pour It into a saiicarf 
6. How does sprinlding a floor cool the air of a room f 

i 137. Ck>ld by expansion of gases. — When a beer boifle 
is opened, a fog is suddenly produced in the neck of the botfa 
due to the chill of an expanding gas. 

The work done in the expansion of a gas consists only in 
forcing back the surrounding air. If confined air is allowed to 
expand into a vacuum, no work is done, and the temperature is 
not changed. By allowing condensed air containing, as it 
usually does, watery vapor, to escape suddenly fh>ni the vessel 
in which it is confined, icicles have been formed around the 
orifice whence it escapes. 

§ 138. Potential energry converted into heat ,by the 
solidification of liquids and the liquefaotion of vapors.— 
Experiment 1. Boil about } liter of water in a gloss flask, and add, 
slowly, pulverized sodium sulphate until the boiling water refnses to 
dissolve more (hot water will dissolve about twice its weight of this 
substance). Then set the hot solution in a place where it wUl not be 
disturbed, and let it stand for about 24 hours, that it may acquire tiie 
temperature of the room. Thrust the bulb of a thermometer into the 
solution, and at the same time drop in a lump of sodium sulphate; 
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Hon Instantly sets in, and in & few neconris the liquid inasB 
^oNt wholly replaced by crystals. At the saine time tkn 
pre, as indicated by the tliennometer. rapidly rises. 

eat ^hioh is constimet! in dissolving e. solid, and in giv- 
^olecules au advantage of positiou, is restored wlien the 
H are allowed to it-'sumc their original positious, aa a 
reiglit restores the kinetic energy consumed in raising it. 

fmest 2. Place water at abont 10° C. in a, bottle, and intro- 
ermoroeter. Surround the bottle with & snow and salt freei- 
ire ; the temperatore of the water rapidly tails nntil it reaches 



pat which the water loses is consumed in rnelting the ice 
tolving the salt. At 0° C. the water begins to freeze, 

temperature remains stationary nntil all the water ia 
irhen its temperature again falls. The tempwratiire of 
ling mixture is much lower than that of tlic water while 
I; the latter, then, must give heat to the former. That 
[ure receives heat 
I by the cootinua- 

thc melting and 
Ig. But as tiie 
tnre of the water 
eezing does not 
baust bo that the 
tch it surrenders 
^lidificfttion arises 
i conversion into 
tthe potential en- , 
pessed by the molecule: 







^ment S. Arrange apparatus as in Figure IIS. When water 
pit A begins to boil, introduce the end of the delivery tube B 
BselCof water at 0°C. The steam that passes through the 
londensed on entering the cold wat«r, and heats the water. 

K portion of the water has boiled away, weigh the 
I, and osccrtaiu the quantity that has been c^^ 
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kOognB €f vater Ijbift m eoBrated Into gfeBn, 
5^?" €r water (pndiallp, f—iiiiiiUj lev than Um qiiia%, 
m pnwrqf ■ rff of km of keaft hf mO Sml Mm and w apo ntiflti 
ftoBi C) win be nind ftoa 0^ to 100*. Aa 1^ nqohw IW 
naite of lieat to niK ifc to lOQT, tihe 5.S7% aaHt leqime 6S7 nvbli 
cfheat. Bat tlieflleaMiaiKB tfw water to ito own terapentan 
witfaoot haTh^ its own twaprffatm e kmend. (Wlienoe eonft. 
the 537 onilB of Iwaft ttal nin tihe te «p <ttatiu» itf the waterf) 
Jleof Iftctf w eommwud m Ugim^fyimg wHdkj amd m VK^MrUy 
Ugmids, is ahtays fofored wkat tte feanws cioiy toiku pkuB. 
Fannen well imdeistand that water, in freeaiiig, gives out * 
great deal of heat, — lit a low tempentoie. It iatnie, bntfltil 
h^ enoa^ to protect regiirtablu whidi fineeae only when ooot- 
aideiaUy colder than melting lee. The fact fliat steanii b 
OMidensing, generates a luge amount of heat, la tamed to 
practical ose in heating bnildingB by steam. 

XXIV. SPECIFIC HEAT. 

§ 139. Temperatures of different sabstancea raised 
unequally by equal quantities of heat. — Will equal quanti- 
ties of heat applied to equal weights of different substances 
raise their temperatures equally? 

Experiment 1. Mix 1^ of water at 0° with l^" at 20^^; the tempna- 
ture of the mixture becomes 10^. The heat that leaves 1^ of water 
when it falls fh>m 20^ to 10" is just capable of ndsfaig 1^ of water from 
0"' to 10" . 

Kxperiment 2. Take (say) 300c of sheet lead, and make a loose 
roll of it, and suspend it bj a thread in boiling water for about flye 
minutoH, tliat it may acquire the same temperature (100^ C.) as the 
water, liemove the roll from the hot water, and inunerse it as quickly 
as poHHible in 300^ of water at 0^, and introduce the bulb of a ther- 
mometfir. Note the temperature of the water when it ceases to rise, 
which will be found to be about 3^ (accurately 3.3°+). The lead coeds 
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rr much more than the \vat«T warms. I^'ud f:ill.s :i1nmi( :;:'. fur «-\iry 
agree an o(iual weight of water l:* wuriiicd. 

From the firut ox[Kirnneiit we infer that :i ImmIv, in fiMilin.; :i 
certain number of degrees, gives to suriiMUiflint; Uxlic.*^ :i^ inui-li 
heat as it takes to raise its tenqHTature the same n inn) hi of 
degrees. From the Si'cond ex()eriment we learn that tht- 'jn en- 
tity of heat that raises 1*^ of lead from .*$.?» "*- to Inir. wh«ii 
transfen-ed to water, can raise l"* of water onlv from «» to :J..; . 
Hence we conclude that equal tjnuntitits offuut, ujtpiittl tn n/ii>il 
tceights of different substam^s, raise th*irttnniHr*Um'rs tum^nn//*/. 

'§ 140. Capa»city for heat. — If ecjnal weij^hls of nu-n-urv. 
alcohol, and water are exi)osed to the same h«;at, tlu* nu*niirv 
will rise 30% and the alcohol nearly 2®, while tlu* wtiU-i is j i^ini: 
1°. From this wo infer that to raise a kil<»^rani of ra«'li «>!' 
these substances ftx>m 0® to 1° requires ;»0 times as niu<'li lirat 
for tlxc water as for the mercur}', and twic«; as niudi as lor \\ir 
alcohol. Since heat affects the temperature of wat«'r h-ss than 
mercury and alcohol, the first are said to have a (jmifrr r,ijnir,'ft/ 
for heai. The number of unitH of 1n*at rvqnir*'(1 tn rm'sr th** O'ln- 
perature of a body l^C, is called its capwdtij fm' In, it. 

§ 141. Specific heat defined. — It is a irn'at convenienee 
to be able to compare the capacities of dilliTenl sub>tanei*s lor 
heat. The standard employed is water, and the ratio whii-h 
expresses the comparison is called spedjir ht^at. 

The specific heat of a body is the ratio <f its cajmrifi/ for heat 
to that of an equal weight oftcater. 

From the data obtained in the last experiment we may ealeu- 

late the specific heat of lead as follows : Tlie sanu; (Quantity of 

heat that raises the water 3.3° (from 0° to ^M"") raises the lead 

96.70** (from 3.8** to 100**) ; hence, to raise the lead T require? 

3 3 

—^—=3.034+ as much heat as to raise the water 1°. 

96.7 

The specific heat of all solids and liquids, and most gase 
inoreafles slightly with the temperature. Thus water at 0° C. h 
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a specific heat of 1; at4(y', I.OOIS; at SCT, 1.0085. Si 
in the liquid state osnally have a higher specific heat ti _, 

solid or gaseous state. Thns water has neaiij doahle ttn] 
specific heat of ice, and a little more than doaMe tlie sjpedii^ 
heat of steam. 

BBRBREHGB TABUBB. 

Table of mean ^^eef/fe heat MMwea 0^ C. and lOO^^C 



Hydrogen .8.4090 

Air '. .8876 

Solphur 9086 

Glass 1770 



Iron .1111 

Copper .*:. Xj^ 

Mercury JOM* 

I-ead .0814 

JSpecyic hetU of Ihe same suhaianM in dVerefU states, ^ 

I 

SoUd. L^pdd. GsMooi. ^ 

Water 6040 1.0000 4801' 

Bromlno 0888 1080 OBtt • 

Lead 0814 0408 

■ Alcohol 66-% 77 4lf 

§ 142. One cause of c^flference in capacity for heat. — 

Of the whole quantit}' of heat applied to a solid or liquid body, 
only a part goes to increase thie heat of the body, and thereby 
to raise its temperature ; the remainder performs interior workj 
in overcoming cohesion between the molecules of the body, and 
in forcing them to take up new positions. (Since, then, some 
of the heat is converted into potential energy, we may properly 
introduce the subject of specific heat at this place.) The 
greater the portion of heat consumed in interior work upon a 
body, the less there is left to raise its temperature, and conse- 
quently the greater its capacity for heat. Thus, when equal 
quantities of heat are applied to equal masses of water and lead, 
more is consumed (i.e., converted in potential energy) in interior 
work upon the water than upon the lead ; consequently the tem- 
perature of the former is not raised as much as that of the 
latter. The limits of this work forbid the discussion of the 
causes of the difference of capacity for heat of different gases. 
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g 1^. Great capacity of water for heat. — Water rccitiii 
more heat to warm it, ami gives out more in cooling through ft 
given range of tempernture, than any suhstaiice except liytli'ogcii. 
The quantity of heat that raises a kilogram of water from 0" 
to 100° C. would raise a kilogram of iron from O" to 800° or 
900° C, or above a red heat ; Conyersely, a kilogram of water- 
ill cooling f I'om 100° to 0° C. gives oiit ae much beat as a kilo- 
gram of iron iu cooling from about 900° to 0° C. 

QUESTIONS AND PROBLEMS. 

1. How mach heat is required bi change 100'' of ice at 0° Into 31 
at lOO'^ C? 

2. (a) lOOCM' of steam at 100° C. is conveyed i)y pipes tlirough m 
bulldiug, aod the water resulting fWim its condcusatlou rel 
boiler at a temperature of 80" ; how iniicli lioat Is given out Id the bulld- 
ing. (_b) The same quantity of heat would raise how many kUogrant 

r from 0'=' to 100'' ? 

8. fiO* orwateratlOO° wlUmelthownmny poundsoflceatO^C? 
4, How mucli heat is reqnSred to raise l^ of ice trom — 10° to 10° C* 

. 6. (a) Apply the same quautity of beat to eqnal weights of ice a 
Valer, each at b temperature of O'^C] when the latter reaches th^ 
lUng point what will he tlie temperature of the former F (6) Why 
jrlll not both have the same temperature f 

, What effect on the temperature of the ah- has the fi'eezing of thft 
^ter of lakes and other bodies or water ? 

. If 1^ of iron at 100° l3 immersed In l' of water atO°C.. what will 
« the resulting temperature ? 

>. What Is the speclflc heat of a Hubstanee, I^ of which at 100°, whea 
put tat« l* of water, at 0° raises its temperature to 5° C. '/ 

9. SOk of mercury at 80° will melt what weight of ice at 0° C. ? 

10. Why la hot water in bottles often used to warm beds In prefeiv 
ence to other substances ? 

11. If there were no water on the earth, why would the difference 
n temperature between day and night, and between summer and win* 

;, far exceed what it Is now ? 
1 1«. Why are places In vicinity of water less sublet to extremes o 
nt and cold than phicca Inland ? 
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XXV. TnERMO^DYNAMICS. 



g 144. Therm.o-DyTiB.m.icB deOned.^ The niw-dpiamics 
i that brancft of science that h-eats of the relation between hecU es 
f.tnecJianical work. One of the most iiDportant discoreriea 
f Buence is tliat of the equivalence of heat and work; that is, tl 
fa definite guantity of meckamcai work can always prodiax 
\ definite quantity of Jieat; and conversely, this heat, if the eomA 
I aton were complete, cow perform the original quantity of work. 

S 145. Correlation and oonservation of energy, — T 
l^roof of the facts just afcited waa one uf the most importa 
L Steps ill the estahlislimcnt of the gi'aud twiu conceptions 
I modem scieuee. (1) That all kinds of energy are so reiateii- 
■e another that energy of any kind can be changed into energy 
many other kind, — ^ known as the doctrine of CoaoELATiOK i 
Ibhergt ; (2) That when one form of energy disappears, t 
I exact equivalent of another form, always takes its place, so (ft 
I the sum total of energy is unchanged, — known as the doctrii 
fof CONSERVATION OF ENERGY. These two principles eonstitu 
;he corner-stone of physical ecience. 

§ 146. Joule's experiment, — The exiieriment to aacertai 

the " mechanical value of heat," as i)erformed by Dr. Jonle ( 

England, was conducted ahout as follows. He caused a paddl 

' wheel to revolve iu water by means of a falling weight attacbi 

a cord wound around the axle of a wheel. The resistaiM 

l-offered by the water to the motion of the paddles was the n 

tor? which the mechanical motion of the weight was coaverb 

Into heat, which raised the temperature of the water. 
J:abody of a known weight, e.g., 80*, he raised it a measun 
Fdi&tauce, e.g., 53"° high; by so doing 4240'"^ of work we 
I performed upon it, and consequently au equivalent amount 
I energy was stored np in it ready to be converted, first, ia 
tneehauical motion, then into heat- He took a definite weig 



^^ 
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of water to be agitatwl, e.g., 2', (it n tempemluro of 0°C. 
After the descent of the weight, tho wntor was found to hitvo 
^ temperature of 5''C', ; consequently the 2^ of water must have 
'■fceivcil 10 units of heat (careful allowance beiag made for 
"11 losflcs of heat) , nliieh is the aniouat of heat-euergy that is 
■■'luivalent to 4240**™ of work, or 1 unit of heat is equivaleTit 
til 424^ of work. 

§ 147. Mechanical equivalent of heat. — Ab a converee 
"f the above it may be clemoQstnited by actual experiment that 
"le quantity of hoat required to raise l"" of water from 0" to 
1° C. will, if converted into work, raise a 424^ weight 1"' t 
*"■ 1' weight 424" Iiigh. According to the English system, the 
**aiiie fact ia stated aa follows : The quantity of heat that will 
Jaise 1 lb. of water 1° F. wQl raise 772 lbs. 1 ft. high. Tho. 
"iuautity, 424*, or 772 Hjs., is called the viechanical equivaient 
r Joule's eqvivalent (abbreviated, simftj- J.). 

XXVI. STEAM ENGINE. 

148. Description of a eteam engine, — A Bt«am engine 

K machine in which tho clastie furcc of steam ia the motive 
Inasmuch as the clastic force of steam ia entirely due. 
heat, the steam engine is properly 'one form of a heat engine^ 
Lt is, it is a machine by means of which heat is continuously^ 
laformed into work or mechanical motiou. 
The modem steam engine consists essentially of an aiTange- 
jnt by which steam from a boiler is conducted to both sidea 
of a piston alternately ; and tbeu, having done its worli in driv- 
ing the piston to or fro, is discharged from both sides altcr-i 
nately, either into the air or into a condenser. The diagram in. 
Figure 119 will serve to illustrate tho general features and the 
operation of a steam engine. The details of tlie varioiiS! 
mechanical eonti-ivances are purposely omitted, so as to present 
engine as nearly as iwssible iti its simplicity. 



^he 




the piston Is closed, thereby preventing the entrance or steam Into 

Bpace, the passage leading from the same fpace is open through the ' 

Interior of the valve so that steam can escape from this space through J 

the exhaust pipe E. Thus, In the position of the valve represented in 3 

the diagram, the passage N is open, and steam entering the cyllnc 

at the top drives the piston in tile direction intllcaled by the ai 

thi! satnc time the steam on the other side of the piston escapes throng] 

the passage M and the exhaust pipe K. While tlie piston mov 

left, the valve moves to the right, uud uvuutuHlly closes the passogt 
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N leading ftt>m the valve cliest, aud opens tbe patituiKe M iuto thr Matut.-. 
and thus the ortler of things is reversed. 

Motion is communicated by tlie piston tlirf>ii;;li tli«* yiMnn n"! H to 
the crank G, and by this means the shaft A is rotated. Cotiiii-fted \ilili 
the shaft by means of tlie crank II, is a nnl K' wldeli eoiiiierts witli tin* 
valve V, so that as the sliaft rotates, tlie valve is made to slide to uiid 
flro, and always in the opposite direction to that of the iiKitloii of tin- 
piston. 

The shaft carries &fly-icheel W. This is a large, heavy wheel, haviim 
the larger portion of its weight located near its circuiiiferenn- ; Ii 
serves as a reservoir of energy which is needed to carry the shuft past 
two points (called the dead points) in each revolution of the shaft, whi-n- 
the power communicated directly by the steam is inelfeetual in iiioviiii; 
the shaft. It also assists to make the rotation of tlie shaft and all ot Ikt 
machinery connected with it uniform, so that sudden ehanj;es of velo- 
city resulting fi:om sudden changes of the driving power or resistances 
are avoided. (Why should the wheel be heavy? Why should it be lar;;e? 
Why should the rim be heavy? See p. 102.) By means of a belt pass- 
ing over the wheel W' motion may be communicated from tin* shaft 
to any machinery desirable. 

S 149. Condensing and non-condensing engines.' — 
Sometimes steam, after it has done its work in the cylinder, is 
conducted through the exhaust pipe to a chamlKT Q called a 
condenser^ where, by means of a spray of cold watcM* introduci'd 
through a pipe T, it is suddenly condensed. This water and tlu^ 
condensed steam must be pumped out of the condenser by a 
special pump called technically the air-pump; thus a partial 
vacuum is maintained. Such an engine is called a condensing 
engine. The advantage of such an engine is obvious, for, if the 
exhaust pipe, instead of opening into a condenser, communicates 
with the outside air as in the non-condensing engine^ the steam 
is obliged to move the piston constantly against a resistance 
arising from atmospheric pressure of 15 pounds for every square 
inch of the surface of the piston. But in the condensing engine no 
resistance arises from atmospheric pressure, and so with a given 

i The terms, low pressure and high pressure engines, are not distinctive as applied 
to engines of the present day. 



engme. mth ail its merits aiiii >¥itti ail ttw impinvemifnls 
modern meehanieal art baa devised* ia> tu*diiy un. eaa!«ii 
wastefbl nuurhine. The ^^est efu^me tfattt iufr bmoL eaDSl 
utilizes only rvfeut}' per oeuc of ttie hefltrQcnfor oaed*. 



CHAPTER IV. 



ELBCTBICITY AND MAGNETISM. 

F, is a liugc anil important clase of pliennmeiin ilt^p^nding 
few principU's tliat wc have now to study ; among these are 
Ining, the actions of telograph iDstiumenU. tUe electric Itglit, 
pietic attraction and n.'|mlstou. etc. We ntuUl intpiiru whether 
s involved iii these actions as in aII Lhoac wv have bo far 
; and, if so, where it comes from, and under what laws it 
., and what finally becomes of it. 

f we chose to begin with those experiments easiest to per- 

we should take those with magnets, and some of those to 

! studied under the head of Frictional Electricity; but we 

should find it difficult to see clearly how the subject of energy 

was to be introduced. So let us take first some cspcnmenta 

Ihat will lead us more easily to this great central idea. 



XXVII. CURRENT ELECTRICITY. 

§ 151. Introductory ezperimentB. — Experiment l. Take 

B strip of sheet copper itiid .1 strip of sheet /inc, ench about 10™ long 
and l™" wide. Take also .1 tumhier two-thlrda fiiU of p,^ ,^ 

water, and to it add about tn*o tablespoonfuls of sul- 
phuric acid. Place the xinc strip in the liquid; in- 
stantly bubhles of gas eoHeet on the surface of Ihc 
Eint, breafc away from It, rise to the surface nf the 
liquid, and are rapidly replaced by others. TtieKe arf^ 
l)iiljbles of hydrogen gas, au(i may be collected nnd 
burned. It is soon fonnd that the zinc wastes away, 
oris dissolved lu the liquid. 

Experiment 2. Place the copper strip in the liquid 
ft little way from llie zinc, but nowhere touching it; 

Now bring the extremities of the two strips that project from 
e liquid into contact, as in Figure 130; quickly a change takes place] 
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fmm tbe zlne : HtlJl it U fiiaiHLr 
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made. 

CzperlmeBt 5. Interpoae between the 
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ThuH it appears that there must be a connection, and that too 
of a partifMilar kind, between the two metals, in order tW 
action mar occur. The connecting wire, then, is an important 
fact/jr in the changes that oc-cur. and it seems altogether pcob- 
Mtt tiiat some influence ia exerted by the metab opoa one 
anotluT through the wire : in other words, that somediiDg 
iinn-jiiai is 2oing on in the wire when so used. 

rjr,#-8 the connecting wire possess any nnnsoal properties dnr- 
inor thirt u.-ic? 

Kxp^^rlment 6. Take an ordinary compass, or poise a magnetic 
n#i^/llo Jit. its cenr.er either by a pivot, as in Fignre 121. or by a line, 
untwUterl ?4ilk thread, and arrange the connecting wires as in the llgore. 
Th**, needle, when at rest, points north and sooth. The connecting 
wire beinj( over the needle, and parallel with it, bring the two extremi- 
t\f^ of the wire into contact: Instantly the needle tnms on its aad«, 
U^wVm t^> Piaee Itself at right angles to the wire, and. after a few 
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Tibrations, takes up a permanent position, formlnff on angle wlUi the 
wire. This deviation from its normal position is called a deJUrtUm of 
tii€ needle. Separate the two extremities of the wires ; tlic nccilic 
swings back to its normal position. 

Experiment 7. Bring the ends of the wires together as l)ofon», 
interposing a piece of paper be- 
tween them ; the needle Is not ^- - • 
moved. This is another illns- 
tration of the necessity of em- 
ploying a suitable substance for 
a connector in order that any 
action may take place. 

Experiment 8. Take a large 
iron nail, and plunge one end of 
it into iron filings, and then re- 
move it; no filings cling to the 
nail. Next, wrap a piece of pa- 
per around the nail, leaving the 

ends exposed, and wind around it 20 or more turns of cupper wire, 
taking pains that the coils do not touch each other. Now connect tliu 
wire with the zinc and copper Just used, so that there will be a con- 
tinuous connection from one strip to the other through the coil, and 
dip one end of the nail again into the filings; raise the nail, and a 
considerable quantity of filings cling to the nail. 

From these experiments, and others which will he pcrfornied 
later, it appears that when the zinc and copper are thus phicod 
in acid and connected by a wire, the wire exhibits unusuiil [)rop- 
erties. The cause of these and many other allied i)hcnomena 
is called electricity^ and these properties in the wire are attributed 
to the passage of an electric current through it. 

Almost from the dawn of the science of electricity there have 
been many who have believed in the existence of an * ' electric 
fiuid " ; but it is not yet claimed that there is any positive proof 
of its existence, and therefore we cannot affirm that a current 
passes through the wire. Yet the theory upon which these 
terms are based is at least a convenient one by which to explain 
the various phenomena, and the terms are therefore universally 
used. 
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§152. Some definitions. — Experiments (not easily j 
{brmcd b}' tlic pupil) show that tlic current travei'ses the liqid 
B'tetween the metallic plates id the batterj- at the same time tl 
Kit traverses the eouueetiag wire, so that the current makes 
loompleta circuit. The tfirm circuit is applied to the entire p 
I along wbich electricity ia supposed to flow, and the v 
i wbich it flows is called the conductor. Bringing the two extretd 
y ties of the wires in contact, and separating them, is called, 1 
I nically, making and breaking, or closing and opening, the ci 

Our arrangement of acidulated water and two metals is c 
I % voltaic^ cell, element, or pair. A series of cells, properly cot 
nectcd, is called a battery, though this term ia sometimes appli( 
[ to a single cell. 

§ 153. Direction of the current. — It is evidently neoe 
L Bory, in deHuing a current, to know its direction ; but as t 




mcnonicnn known serve to indicate the direction, olec 
have universallj- agreed to assume that in such a cell as describi 
the electricity flows from the copper to lAe zinc in llie wire. 

E^xperimont. Plnce tiio couducting wire over and parallel with d 
I magnetic uoedle, In the iQanoer represented iii Figure 122; the c 
end of the needle is deflected toward the west. Turn Ibo cell hiilf-w 
around so as to have the position lii Figure 123 ; n deflection of t 
needle toward the east shows that the current is reversed. 
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POTENTIAL. I8:l 

§151 Poles or electrodes. — The copper strip U (tv- 
qucntly called the negative plate ^ and the zinc strip tin* ptntith*e 
plate ^ and the end of any conductor conncctc<l with the cop|KT 
or negative plate is called the j)08itive pole^ or electr^nle^ whiU* 
the end connected with the zinc or positive plate is called the 
negative pole^ or electrode. Then, b^* our assumption, if wc» brinj^ 
together the + and — electrodes, the current passes from the 
former to the latter, across the junction ; and generally that [)lat<' 
and that electrode is 4- from which the current goes, and that 
plate and that electrode is — to which the current goes. 

§ 155. Potenti€d. — If a current of water is to flow from 
one vessel A to another B through a pipe, wo know that there 
must be a greater pressure at the end of the pipe next A than 
at the other end; i.e., in ordinary language, the head of water 
in A is higher than in B. So in the study of electricity we find 
two bodies in different conditions such that a current of oloe- 
tricity flows from one (A) to the other (B) , and we say that A has 
a higher potential than B. In the experiments already tried th(» 
-fclecti'ode, or the wire connected with the copper, has a iiigher 
potential (according to our assumption for the direction of the 
current) than the —electrode or the wu*e connected with the 
zinc. 

It is not necessary that we know the hight from the center of 
the earth, or above the level of the sea, of a reservoir, and the 
tank it is to fill ; what we want to know is the difference in 
hight between the two. Just so it is difference of potential 
tJiat determines the direction of the floiL\ and the quantity of 
electricity thai is to flow through a given conductor in a given 
time. Sometimes the potential of a body is expressed as so 
many units above or below that of the earth, assumed as 
zero. 

§ 156. Ampere's rule for determining deflection, ete. •— 
If the magnetic needle is placed over the current, its deflection 
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a gahn^oaorpt.' ' '-1 in x Tnttaat bafitri « 

tafiuil ijnlr'tifi': or r^Ataic. and eoatetimes CMirml HtKlrialg. 

EXERCISES. 

1. Ij.-t tilt ourrcut be aJ>ort tlie ofurdie. and go frvm X to S: «W 
will t>c it5 Jeflt^tion? 

8. I^'t titc currept be below the needle, •nd go from S to S: <rt<* 
dt^Aei'tiuu will It cautic? 

t. !>.-( tlie uc'cdlc be above tbe dUTCDt : wbat mnst be tbe directM 
ot ttiu 4.'urreut wlicu tbe uorth end ie deflected to the east? 

4. J>.-t tlK Dcedle l>c IkIow tlie carrent, and Uie deflectiaaiowaid the 
ea»t: wliat Ih ttic direction of the carrent? 

6. WJiat Ik tijc effect when the current Is at the Bide of tbe needle! 

S 158. How electricity originates. — If jou take the liquid 
from a Imttcry aftiir considerable zinc has disappeared in it, and 
«va|>orate it, tbere will crystallize out of it a white, transpaFcnt 

I Uii]vaiio«R«|w, noflWif/Dr Oolitani, uno of tbe early dl^coveiwrg In alecMdlT. 
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Bid in needle-like crystals. This substance ia a compoiiud of 
iulpliuric acid, and is called iinc sulphate. The boIii- 
n of the zint^ is CLo result of a chemical action butwceu th6 
I sine and the ncid. Hydrogen ia another product of the action. 
The water serves as a solvent of tlic zinc eiilphate. The cheniiat 
^vmholizes sulpbtiric acid thus, H,.SU, ; zinc, Zu. He desci'ibeK 
the ehange that occurs by saying tUat the zinc replaces tha 
''y<li*ogeu IIj in the acid (iu other wortls, the hydrogen ia atm 
flee from the comhitiation) , while the SO^ part of the acid unit«S> 
«'iHi the zinc, and forma zinc sulphate, ZnSOi. But we bavft' 
also discovered another important resnlt of the operatio 
namely, that eleclricity is developed by the themical action b^ 
fw-'een the liquid and the nine. 

Is the electric energy created out of nothing ? We have already 
become familiar with the fact (S 10.5, page 140) that chemical 
potential energy in a lump of coal may be oonvei-tetl into kinetic 
enei^y, as ia constantly done in the steam engine. Similarly, 
might bum zinc to make atoam. Coal and zinc, then, possess 
Lpower to ent«r into new combinations ; this power is usually 
iJled diemical euergij, or ehemiam. It exists in a potential 
Ipndition, until it is aroused from this dormant state by bring- 
[ together suitable substances. When chemical energy be- 
i kinetic, it may be transformed into mechanical energy, 
* Its when a cannon-ball is set iu motion by the burning of gun- 
powder; or it may be changed into heat, as in the ordinaiy 
burning of t\iel ; or into both Jteat and electric energy, as in the 

r burning of zinc iu the battery. 

g 159. Wby the hydrogen appears at the copper plate. 
-When zinc dissolves in sulphuric acid, hydrogen is liberated, 
d ordinarily rises at once iu bubbles ; but in the voltaic cell it 
pes f^m the copper, yet no bubbles are seen to move through 
e liquid between the plates. As a plausible but imperfect a 
planation of these phenomena, tlie well-known hypothesis 
GrotthnsB was offered. It assumes what many chemists believstJ 
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itivc. or tbose least afFcctcd by ibv acid, nre at tho end. Tho 
tr iodii-ates the directioo of the curreat throattb the UquUI. 



It nil] be seeti thst zinc and plntiiitim loc iIjo two nii'tala Iteot 
:ulapted to givo a strong current. 

The essential iiarts of any galvanic cell hi the ordinary form 
vc a liquid and two different solids, one of vhicti in more 
readily acte<l upon ehemicallj' by tJie liquid than the other. 

$161. Importance of amalgamatins the zinc. — All 

wniraeruial zinc fontaina iminintics, such a.** carlwii, iron, vta. 
Figure 126 repn>Bcnts a ziuc dement having on its surface a 
particle of ii'on a. purposely niognified. If snch ii ^^^ |,^. 
plate is immersed in dilute sulphuric acid, the piti'- 

^Jides of iron with the zinc will form numerous voltaic 
ind a transfer of electricity along the surface 
U take place. This coasting trade, as it were, be- 

" tween the zinc and tlie impurities on its surface, 
diverts so much from the regular batteiy current, and 
thereby weakens it. In addition to this, it occasions 
a great waste of chemicals, because, when the regular 
circuit is broken, this local action^ as it is called, still 
conthiues. If pure zinc were avaihiljle, no local action 
occur at any time, and there would be no consumption of 
chemicals, except at times when the circuit ia cloewl. If 
mercury is rubl>ed over the surface of the zinc, after the latter 
hw been dipped in acid to clean its surface, the mercury dis- 
BcSves a portion of the zinc, forming with it a semi-liquid 
BnitlgaBi which covers up its impurities, and the amalgamated! 
zinc then comports itself like pure zinc. 
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XXVIll. VARIOaS BATTEBIES. 

g 162. Polarization of plates. — When the zinc anil cop- \ 
per elements are first pln^setl in the dilute acid, a very goo 
current of electricity b produced ; but the curreat soon becomei I 
feeble. The cauae is easily discovered. The Migrated bjtiro- I 
gen fldberea very strongly to tlie copper, as there is notiiing fw 
it t« unite with chemiealty ; and therefore the plate is ve 
viailily covered with hubbies, which may be scraped off with » 
feather or swab, but only to have the same thing repeated. This j 
coating of bubbles imjjedea, to a couBiderable extent, the Bo' I 
of elec-tricity, and diminishes the current. Besides, a plul* 1 
coated with hydrogen is more strongly electro-positive than zinc 
aud so, as the coating slowly forms, the difference of potential 
between the two plates becomes less and less ; the cniKnt, 
therefore, must become weaker and weaker as the coating tbii;li- 
pig, iM. ^"*' '^^^^ action is usually called polanni^ \ 

tioii of the philes. Verj' many methods have I 
been deviscil for remedying these e^ila. TliW 
arc all included iu two classes : mechankai 
and chemical metliods. 




§ 163. Smee battery. — The Smee hair 
tery (Fig. 127) is an example of the former 
class. A silver plate, or sometimes a lead 
plate, is coated witli a fine, powdery deixMit 
of platinum, which gives the surface a rou^ 
character, so that the hydn^n will not 
readily adhere to it. Dilute sulphuric acid is used in this bat- 
tery. TJiis plate is suspended between two zinc plates, but not 
alh>wed to touch them. 

A very effective battery may bo constructed by arranging that 
tlic copper plate may revolve in the liquid, so that the hydrt^en 
inuy bo removed by friction between the plate and liquid. But 
this necessitates a constant force to keep the plate in motion. 



nRRNBT BATTEBY. 

No mechanical method can wholly i>rovrtit Uir <villMlion ofl 
li\'ilrc^<;ti on the electro- uegative ]>lat«. Thti c>in only Ik- com* I 
pletely accomplisheil by furnishing some chi-mlcul with which tha I 
hydrogen, as soon as Ubcrated, may go i^^^ (Hinihlnalion. 

S 164. Grenet battery. — In the 
Grenet or bottle battery thi.' hydrogen 
i& disposed of by chemical action. 
The chemical action ia quiti' complex. 
And will therefore be omitted. The 
liquid asedis a mixture of potaasinm 
Mchromate' and sulphin-io ncid dis- 
solved in water. The Einc plate Z 
(Fig. 128) is suspended between tw^i 
(whon plates, C, C. The carlmns 
remain in the liquid all the limo. 
(Carlx>n is now Inrgely used in 
batteries for the electro- negativ*- 
plate.) 

This battery gives a very energetic 
current for a short time, hot the li(|iiid >i."iii Iktomh- ,\liiiii>liil. 
It is a very convenient battery, as, when not iu uae, we linvc 
only to draw the zinc out of the liquid by the brass stem a, 
and, on pushing the zinc back into the liquid, action commences 
immediately. It is well to allow the battery to " rest" occa- 
sionally by withdrawing tlie zinc Irom tjie liquid for a. short time. 
With one Grenet cell nearly every experiment described in this 
a be performed. 

5. Bunsen's and Grove's batteries. — There ia, 
», besides the ningle-Jluid. batteries, a large number of two- 
)u,id batteries. The zinc is immersed in the liquid to be de- 
mpoeed, which most frequently is dilute sulphuric acid, and 
e conducting plate is surrounded with a liquid wliich can he 
mposed hy hydrogen. The two liquida an' iis\i;ill\ ^..'li- 
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wntml by s [wrous partition oC iinglazed earthenware, whiuh 
prevents the liquiUa iVom mingling, except very slofflj", but does 
Dot prevent the passage of hyili-ogen or elcctricilj. Bunsen' 
battei-j- ( Fig. 129 ) has a bar of carbon immersed in sti-ong nitrie 
ii-id coiil^awd in a poroiia <:up. This cap is then placed in 
another vesijel containing the dilnte sulphuric acid ; at 
iiiL-rsed iu the same liquid is a hollow, cylindrical plate of zinc, 
i-\ iiifh ueai'ly surrounds the porous cup. The hjdi'ogen trav- 
I ises. by eouipwsition and recom^ ition. the sulphuric atiii 
isses Ihixjugh the puroua partitiou. id ioiuiediately enters iato 
diCfliival lujltoii with the uicric ai io that none resehea tk 
platinum- There are produced bj 
this aetion. water — which in time di- 
lutes the .. 2id — and orange-eolortd 
fumes of nitric oxide, which rise fVoni 
the battery. These fumes ai'e verj 
offensive, corrosive, and poisonous, 
If the niti-ie acid ia first saturate 
with nitrate of ammonium, the acid 
wili last longer without dilution, and 
the fumes are almost entirely pre- 
itud. Strong sulphm-ic acid will 
: ^n.wei- in any battei-y. Uauaily, 
i>ue part of sulphuric acid about 12 
parts h\ weight or 20 by volume of water are added to dissolve 
the siUphate of zinc formed. 

Giwe used a stiip of platinimi instead of the Garb(»i rod in 
his battery. WhoQ carbon is used for the negative plate, a so- 
lution of bichromate of potassium is frequently substituted foe 
nitric acid, and thereby the disagi-eeable fumes are avoided. 
Bunsen's and Grove's batteries are unequalled for powerful 
and constant cun'euts, and are the best for ordinar>' lecture- 
room experiments ; but they require frequent attention, and 
are expensive, so that they are little used for work of long 
duration. 
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GRAVITY KATTERY. 

S 166. Gravity battery. — Tlw Iwticry principally umrd ia\ 

tiiis t-oitiitrj' for te leg riij tiling is uulliui tin- ymi-ify fmllerii. 
cop|wr platii C, Kigui'L- 1^0, ig 
placed OD the bottom of a veaaci 
itnci covered witb crj-stals of cop- 
per snlpiiatc (liiue vitriol), and 
llie whole covered with water. 
As the ritriol dissolves, its ape- 
I'ifie gi-avity causes it to rcDmia 
at the l>oLtorn, iu contact with llie 
'v|.i)er plate. The zinu plate Z 
I- suspeuded in the clear liquid 
■diujve. To start the action quickly, 
I teaspoonful of common aalt or 
i'mc sulphate is dissolved iu the 
n';iter. As the chemical action 
pioceeds, the vitriol is decom- 
posed, its sulphiinc acid (.-onstilii- 
eiit unites wit!) the zinc, forming soliibk- zhic siilph.itt.'. and the 
copper constituent is deposited in a metallic state oti the coppor 
jjlate. The zinc does not require amalgamation. 

XXIX. EFFECTS PKODUCED BY ELECTRICITY. 

Iiitrfidiice between 

o( jtlatinum wire A, 

The platlDum wire 




§167. Heating effect. — Experiment 

Ilie clectroiliis of a, Bunseli or Grenct cell a pic 
Flf;urc 131 , about G™ long and iu size about No. 
becomes white hot. 

Experiment 2. Stretch the platinum wire 
an the gn^, antl ll^bt it b; the heat oE the wire. 

Experiment 3. Strew lycopodhim powder over a tuft of cotton- wool, 
and ignite it wltli the heated wire. 

Experln\ent 4. Connect the battery wires (Pig. 131) with a gal- 
vanometer (see page I'JS) G, as In the figure ; tlJe needle Is deflected. 
Remove the platiuum wire, and close Che circuit ; the needle lid deflected 
more thno before. 



a gas-bnmer, t 



What transforniatio 
periiaeuts ? 



i of energy took [jlace in tlie above e 
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^■n the liquid arouud the —pole is turned {rrcen, while that around 
^B-(-pol(i is turned red. Evidently dpcomposltioa of the Bodiuin 
^Hphate has tak^u place; ou acid aad no alkali ttre the results. 

^^ETie current which is tnainlained by chemieal action in the bat- 
^Bp is capable of doing c/iemical work outside Ike balleiy. A 
^^Betaace that may be decomposed by electridtj' is called an 
^^etrolyte, and the process electrolysis.^ The electrolyte must be 
^^mtnnpound substance, and in a liquid slate., either by solution 
^■fusion. A large numl)cr of Bubatanoes are composed, like 
^^nium sulphate, of an. acid, and either an alkali or some other 
^fcstance that will aeutralize an acid. Any substance tliat will 
^Hntralize an acid is called a base, and a compound of an acid 
^Bd a base is called a saU. When a salt is electroiyzed, the 
^we always appears at the —pole, and the acid at the +pole. 

^^ Experimeat 2. Prepare a solntion of the Bfllt copper sulphate, 
and subject It to electrolysis, as hi the last experlmoDt,- copper collects 
on the —platinum, and sulphuric acid and oxygen at the + platinum. 
Remove tbc plBtiunm strips, and introduce the capper terminals ; cop- 
per IB now deposited on the —pole as before, but the +pale wt 

The chemical symbol for copper sulphate is Cu SO4. By 
electrolysis it is separated into Cu and SOh- When a coppi 
+pole is used, the 864 immcdintely unites with a molecule of 
the copper (Cu) of this pole, and forms a now molecule of cop- 
per sulphate (CuSOi), which is dissolved by the water. This 
accounts for the wasting away of the +pole. Tiie solution 
does not lose its strength, for as fast as a molecule of copper 
sulphate is decomposed, anotiier is formed. But when platinum 
poles are used, the SOj does not combine with the platinum, but 
enters into chemical action with the water. The SO, combines 
■ irith the hydrogen of the water, forming sulphuric acid, and the 
Itaygenof the water is set free. (SO. + HiO = H,S04 4-0.)j 
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Tie liberation of the oxygen is the result of a seeondRfj' cbeini- 
Bp&l action, subsequent to the electrolytic action. 

Experiment 3. Prepare a solution of tin chloride, hy dissolsins 
Bscraps of gmuulateJ tin in hot hy droclilorlc acid. Ailil u little water. 
'Slei:trol3-zu this .salt in solution, using platinum polus. A heaiitlfiil 
I growth of tin crystals will shoot out from the —pole and spreid 
I towards the +polc. beariug a strong resemblance to vegetable growtb; 
[ hence it is called the ' ' tiu tree." 

and lead trees may be prepared 
from their salts, silver nitrate au3 
lead acetate. Kach metal has its 
own peculiar form of growth ; and 
sometimes the same metal, par- 
ticularlj- silver, exhibits different 
forms, according to the streogtll 
of the soliition and the power of 
the ciu-rent. In Figure 134, i, 
represents a silver tree deposita 
from a weak solution of i 
nitrate, and B a tree formed froB 
a still weaker solution of tli 
same. 

Experiment 4. Kemove the bo 

I'jin of a glass bottle having a wld 

iiioHlli. Ut a cork to the mouth, m 

pass two insulated wires throng tl 

strips (Fig. 135). Fill two test-Uibes 01 

Ith dilute eulphniie acid, and invert ti 

The circuit la thus closed through d 

from the poles imd dl.splac 

much gas collects c ---^^ 




cork, termliiatiug In platliiur 

part of the inverted bottle 

tubes over the platinum pol( 

liquid. Babbles of gas Immediately 

the liquid lu the tubes. About twic 



—pole as over the +pole. Tiirust a lighted splinter Into each of 
gases; the foruier bums: the latter causes the splinter to burn mi 
more rapidly than it Imrtied bi ilia air. This iudicatea that the fori 
is hydrogen gas aud the l:itter oxygen gas. 

I Since pure water is an almost perfect non-conductor of elefl 
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Fig. lU. 




nicity (page 000), the probable explatiatiou of this action ii 
I'crj closely like tliat already given (page 186) 
,he ftctiou ill the simple cell. The eulphuric 
acid is decomposed ! H.SOj Incomes Hj + SO, ; 
theu SO, + HjO beforaes HjSO, + O. It is cer- 
tain that water ia uitimately decomposed, for uo 
sulphuric acid is lost. This electrolysis shows 
that water is comi)03ed of two parts by volume 
oF hydrogen to one part of oxygen. (Why 
ought not copper poles to be used in this experi- 
ment? Ascertain, by inserting a galvanometer 
in the circuit, whether the current is weakened 
by performiug the work of electrolysis.) 

■^Vheu the [tales of a. strong battery are applied 
for some time to a person's skin, blisters apijear under the poles. 
The aerons fluid that comes from the vesicles under the positive 
l>ole is acid ; the fluid in the vesicles under the negative pole is 
allialine. 

§ X70. Phjrsiological effect. — BU:periment. Place the tip 
of the lonsne between the two poles of a siiigle i/ell, so that Ihe 
tongue may form part of the circuit; ^^^ ^^ 

a stinging scosatioo Is felt, nccom- 

fled bj a peculiar acrid taste. 
Vlien a battery is known not 
be very powerful, the tongue 
serves as a very convenient gal- 
vauoscope, to detemiine whether ] 
the circuit is in working condition , 
and approximately the strength of 
the current. If the crural nerve 
(a white cord next the backbone) 
of a frog, recently killed, la laid 
bare, and one of the poles of a battery is applied to it, on touch- 
ing a naked muscle of a log with tlie other pole, the muBeles are 
Enlly convulsed and the leg drawn up, as represented by the 
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dotted lines in Figiiie 130, The same convulsion oecnrsatllie 
instant the ciiouit la bioken. Hj- touching the nerve with a 
piece of zinc and the muscle with u coppei' wii-e, as represented 
in Figure ISli, similai con^Tilsions occur, on bringing the free 
ends of the nnUilhrn contact, and on their separation. ' 
cause is obvious ; foi' the two metala and the moisture of iJie 
flesh furnish all the essentials of a voltaic element. 

TUe irritabilitv of nerves and muscles begins to diminish after 
deatli, and sooner or later disappears. It disappears mudi 
sooner in wtirm than in cold-blooded animals. In the limb of 
a 1V<^ that in properly protected, and kept at a cool temperature, 
it may remain for two, three, or even four weeks. If one pole 
is armed with a soft sponge, wet with salt water, and pressed 
firmly on the closed eyelid, while the other is applied at tlie 
back of the neck, or held in the hand, making and breaking the 
circuit will cause a sensation of light of various colors. J 

5 171. Magnetic effect. — ^Experiment. Obtain aQ Insulated' I 
copiwr wire, wind tWLUt( or mnre turns around a rod of well-aimealed | 
Iron 10™ longan^ about l'™ln ttiameter, and close 
the circuit Briug a noti (Fig. 137), or other piece 
of iron near the rod. The rod attracts the ntil 
vitli ninth force, and this nail will attract other 
laila Tlie rod has acquired all the properties of i 
mijnet as will be seen hereafter. But the instant 
the circuit Is broken, the iron loses its magnetic 
force, and the naals drop. 

The more times the wire is wound around 
the rod, within a certain limit, the more power- 
fully is it magnetized. This arrangement is 
called an electro-magnet, because it is a m^- 
net produced by electricity- The rod of iron 
is called its core, and the coil of wire the Aef/a. 




STRENr.TH OF CUBBENT. 



197 



\ order to take ailvantage of the attraction of botli ends or 
poles of the rangaet, tbe rod is most frequently bent in a U-sIiape 
(A, Fig. 133), and then it ia F,g, ,3^,, 

called a horse- all oe magiiet. 
Sometimes two iron rods are 
used, couDGCted bj" a rectan- 
gular piece of iron, as a, in 
B of Figiu-e 138. The method 
of winding is such that If Ihc iron i-orc of tlin liorse-slioe were 
straiglitened, or the two apoola were placed togetliur, end to 
end, one would appear as a continnation of the otlier. A. 
piece of soft iron, b, placed across the ends, and attracted by 
s called an armalare. The piece of iron a is called a 
t armature . 

XXX ELECTRICAL MEASUREMENTS. 

■ The wonderful developments of electrical science in recent 

i almost wholly due to a better understanding of what 

Electrical measurements can and ought to be made, and how to 

make them, Jlost of this increased knowledge lias been gained 

since the first Atlantic cable failed in 1858. Let ns learn how 

make some of theni. 

t S 172. Strength of current. — It is evident that the ther- 
1 and luminous effects of electrical discharges, electns-chemi- 
l decomposition, the deflection of tbe magnetic needle, the 
pietization of iron, and even physiological effects, or any 
temal manifestation, may be employed to detect the presence 
^ an electric current, in a circuit however extended. It ia also 
{ivious that !ke magnitude of these effects may serve to measure 
e strength of the current. Now, as t!ie quantity of water that 
jes through a given pipe in a minute or an hour indicates 
e strength of the current, so by the strength of an electric cur- 
I meant the quantity of tlectricUy that pctsaes through an 
tricat conductor in a iiiiU of lime. 
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" "17 Itameter, — The quantity of electricity thai piem 

cross section of any conductor in the same circuit, howevei 
luiig, is, untcBs there is a lenkoge at some jtoint, necessorilj ^t 
same. We may, therefore, introduce a platinum wire into anj 
part of the circuit, aiwhmeaaure the strength of a ciirreDt hv the 
tempernture to which the wire is raised ; or we may decoinpoB* 
wat«r and collect the gases resulting therefrom ; the atreitgtli of 
cttrreni in measured by the quautity of gas liberated in a 
of time. The latter arrangement "~'letl a voUameter^ is easilj 
Fig. isH. constructed suffi- ly accurate for many pur- 

~ poses, and eho constructed and used hj 

every pupil, 

InFigurelSS, alsnglass tii1ie50™IongaQd3"°lii 
diameter (n much shorter tube will answer ; for n 
ample, a large sized test-tube), closed at one end 
and graduateij in cubic centimeters (this may b 
doue by means of a paper scale pasted on oue side 
at the tebe) : b is a bottomless glass bottle of about 
1 liter capacity. Through llie stopper of the bottle 
pass tiYo insulated wires, terminating lu platinum 
strips, which arc introduced a Uttle way Into tbe 
tube. The tube is filled with water slightly acidu- 
lated with sulphuric acid, and Its orifice is Iro- 
niersed in the same kind of Uquld, whicli partly flila 
lie bottle. Wlieu the wires ore connected with a 
nnteryot tiro or luore cctk in scries (see pag^ £08}, 

the gas arising from the decomposition of the water will collect In 

the top of the tube and displace tlte liquid. 

g 174. Galvanometer. — The instrument ia most common 

use for measuring current strength is the m^netic needle, which, 
besides its ordinary use as a galvanoscope, performs the still 
more important office of a galvanometer. The simple magnetic 
needle, used as already described, answers tolerablj' well when 
the currents are strong, but it is not sensitive enough to be 
sensibly moved by very weak currents. If two equal cnrrcDts, 
flowing in the same direction, are placed one above and the 
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other below a magnetic needle, tliey tend to produeo opposite de- 
flections, and to neutralize one another's effect, so tluit no deflec- 
tion occurs. Evidently, if they flow in opix>site directions, they 
tend to produce a deflection in the same direction, and tlie result 
is a deflection twice as great as that produced by a single cur- 
rent. The same result is accomplished if the same current is 
made to pass both above and Inflow a needle, as in A, Figure 
140. If the wire were carried four times around the needle, as 

Fig. 140. 





in B, the influence of the current on the needle would be about 
four times that of a single turn. Very sensitive galvanometers, 
constructed on this principle, often with thousands of turns 
of wire, are sometimes called long-coil galvanometers, in dis- 
tinction from those having few turns, which are called short-coil 
galvanometers, 

§ 175. Tangent gcdvajiometer. — The arrangement de- 
scribed above is more commonly used as a galvanoscope than a 
galvanometer, though it msiy be so calibrated as to answer the 
latter purpose. The law connecting the current strength with 
the deflection of the needle of this galvanometer is not known ; 
but in another form, called the tangent galvanometer^ the rela- 
tion is expressed in a simple tangent of the angle of deflection. 
This apparatus is constructed on the principle that the strength 
of currents are proportional to the tangents of the angles of 
deflection^ when the needle is very- short in comparison with the 
diameter of a circle described by a current circulating around 
it. 
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A mugnctic ucedle, about 2.6™> long, la euspended. &cely bj in n- 
twlated ttircad n, Figure UI, in tbe center or a copper hoop a. ibont 
80^ In diiuneter, wblch tormiDates io the nlres »u)' ; and tliase are cou- 
IMCted with tbe battery whose current Is Co be nieBsured. A clrcnlm 
cud-board cc. containing a circle divided tu degrees to iwlicate tbe 
extent of deflection, Is phiced beneath the needle. The ring beit; 
placed so that It Is parallel with the needle, the needle points to 0° oa 
the scaJc. When a current passes through the ring a, the needle Li 
dedecttd. Tile tangents of the angles of deflection may be found b; 



! 




reference to a Table of Natural Tangents in Section D of the AppendiJ. 
and the relatlv-e strengths of currents may be determined by the 1»« 
given above. The construction of a very simple galvanometer thst 
may be used as a tangent galvanometer, and which will answer all 
requirements of this book, may be found inSectlonE of the Appendix- 

§ 176. Experiments in measurements. — Inasmuch ae 

the magnitude of the effects that can be produced by an elec- 
tric current, or the amount of work that can be done by it, 
depends upon the strength of the current, it is of the utmost 
importance to understand the principles by which it is regu- 
lated. A fevf experiments will make this apparent. Provide 
four coils or spools of insulated wire. Mark the coila A, B, C, 
and D. Let A contain 100 ft. (about 1 lb.) of No. 16 copper 
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wire ; B and C respectively 100 ft. and 50 (t. of No. 30 fopiwr 
wire ; and D 50 ft. of No. 30 German silver wire. 

Experiment 1. Place a galvanometer G and coll A in th«' suni«; 
voltaic circuit, connected as shown in Figure 142. Not«: tlii* iiiiiiiImt 
of degrees the needle is deflected. Next substitute coil li for A, ami 
note the deflection. The deflection is less than lK;forc, .^liowin;; tliat 
of two wires of the same material and equal leinjth^ the lanjvr IninsmitMy 
ftwn the same source, the stronger current* 

Fig. 142. 




Experiment 2. Place coil C in the circuit witli B, and coinpare tlie 
deflection with that produced when B alone was in the circuit. Tlic 
deflection is less than before. (Wliy?) Talce B out, and leave C in 
tlie circuit. The deflection is greater tliau when B alone was in tlie 
circuit. Other things being the sanie^ the shorter wire transmitSj from 
the same source^ the stronger current. 

Experiment 3. Introduce D in the place of C, and compare tlie 
strengths of the currents in these two wires. The copper wire trans- 
mits, from the same source, a stronger current than the German silver wire 
of the same length and size. 

Experiment 4. Compare the currents Airnished by a Grove or 
Bunsen, and a Smee or a gravity cell, when the same coil, for in- 
stance B, is in the circuit. The Grove or Bunsen cell gives the stronger 
current, 

§ 177. On what strengrth of current depends. — It ap- 
pears that the strength of the current varies not only with the 
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tixe, length, and kind of conductor, but also with the l-indq/ I 
battery used. These will be considered consecutively, 
iridcnt that all conductors do not allow the current to pass with I 

qua! facility ; in other words, some conductors offer more n 
tittance to the passage of a current than others. The lugs I 
conductor offers less resistance than the smaller. It is found I 
by cxiieriment that (1) ihe ^rength of curreiits varies diredfjl 
wUfiChearfosof the cross sections of the conductors, or the sqmm I 
<if Ihe diameters of cj/liv'''""^ ""^'^'Klors, inasmuch as are^ 
vary with the squares oi iieters. (2) /( vm 

verady tvitk tJie length of (hc lOr, i.e., if a wire oi 

long offers a certain amount c distance, a wire two miki 
long will offer twice as much i^oistance. (3) Tt varifs vi 
veraelji with the specific resistances of ie substances used for coi 
ductors. The conducting power of n rabstance is the reciprocd 
of its resistance. Hence, if we km ■ the couducting power of 

any wire, we know that the resistance ^^ ; 

I couducti*-ity 

conduetivUy = 

re sis tan cc 

Resistance is expressed in units called ohms^ (see § ISl). I 
The student can easily provide himself with a standard having I 
approximately a resistance of one ohm, by obtaining 40 feet of | 
No. L' 1 ordiuary copper wire 0.5""" in diameter. 

S 178, Formula for resiBtance. — Having found that re- 
siatuiice varies direcliy im the length, and inversely as ihe squum 
oftlie diameters of &>nductors, we may include all its laws in the 
formula u ■;. I 

ill which R = the resistance, I = the length, and d the diameter 
of a cylindrical conductor. K is a constant, such that when the 
material of the wire is known and the denomination in which 
I au<l ({ arc expressed, a value of K taken lk>m a table may be 

■ Ohiiip/i-ont the name of a German savant. Or. G. S. OAm, who ArU epundiled 
tlie Iflivi uliidi dotorinliie the Blroiigtli of currents. 
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rtituted in the equation, and thus enable us to And the value 
of R iu ohms. Thus let it be required to find R of 1000 ft. of 
cotjper wire 0.1 inch in diamL-ter. The table gives the value of 
K as 0.72 when the length of the wire is measured in feet, and 
its diameter in thousaudtlis of an inch; since 0.1 inch equals 100 

thousandths, R = 9.72 x ^^ = 0.972 ohm. 
100* 
In the following table are given the relative resistances of 
several substances, and the values of K in tlie above equation 
when I is ex[)ressed in feet and d in thousandths of an inch. 

REFERENCE TABLE OF RELATIVE RKSISTAKCKS, KTO. 

Rsl. RcHlal. K. 

Silver @.0°C 1.00 9.15 

Copper , " 1.06 9.72 

Zinc ■' 3.74 3*.a 

Plstinmn ■■ 6.03 65.1 

Iron •■ 6.4G 59.1 

Rpmian silver •• 13.91 137.3 

Mercury ■' 63.2+ 578.G 

EsL. Roiln. 

Nitric, add — commercial @ 16 to 28 C 1,100,000 

Sulpliuric acid, I to 13 parta water " 2,000,000 

Common salt — saturated sol. " 3,200,000 

Sulphate copper " '■ ... , , . , 18,000,000 

DiBtilled water not leas tlian 10,000,000,000 

Glass f5200°C 16,000,000,000,000 

Gotta percha (^ 0° C. . . . 5,000,000,000(000,000,000,000 

The resistance of metals increases slowly as the temperature 
rises ; but that of liquids and the other poor conductors in the 
second list decreases very rapidly with a rise in temperature. 
The resistance of ordinary impure metals is often much higiier 
than that given in the table, 

S 179. Formula for internal resistance. — Resistance in 
a voltaic circuit may bo dividcil, for convenience, into two parts ; 
viz., intental resistance (r), which the curruut encounters iu 
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paesiu^ Ibrough the liquid between the two plates in the cf U, 
and sTttnrnai resistance (K) , which it siiflfera in the remain- 
der of its path. The internal reaiatance is governed hy tt* 
BAQte lawH as the external resistance. In this case 

^ diataace of the plates apart (Q 

areai4 of the platea aubmerged (cP) 

QUESTIONS AND PROBLEMS. 

I. What length of copper wire will have tbe same resistaaci: n » 
mile of Iron wLre of the same liiamettr? 

9. How pan 70a reduce the resistance of tm Iron wire to Ituit ol ' 
copper wire of the aome length? 

5. Ahout how Qmch Is the conductivity of water affiled bj adding > 
UtUe salplinric aeid? 

4, Sow Dian7 times greater is the reaiatance of dilate sulphuric acid 
than that ut copper? 

9. The teniieaey of this great iliUference between the specific resii'- 
Mces of the last two mcntioaed substances that so freijaeatlj caua^tiU'^ 1 
tite circuit, \s til make the inteiTial immeuaely greater than tiie eilenuil I 
resistance. How cau the plates be arranged so a<3 to reduce this gnat I 
tneiiaality? I 

6. Wbat is the rtsiataiicu uf a mile- of copper wire I'"'" in liiamtH'r,' 
Ana. 'ii obms. 

T. What is the resistance of a mile of copper wire S"" in diameter? 

5. What is the resistance of 1 mile of Iron telegraph wire, the usual 
size bciug -t""" in diameter? Aii3. 12. S ohms. 

9. Espreas in ohms the resistance of 1 mile of copper wire, O.W 
Inch in dhimeter? .dnji. 9.72xi^^= I-l-25e ohms- 

S 160. Electro-motive force. — The experiments described 
in S 151 show that electricity constantly flows in a closed circDit 
containing a voltaic cell ; hence the cell has the power of setting 
electricity in motion, or an dectro-motive force (osaally abbre- 
viated K.M.F.). Again, Esp. 4. § 176. proves that a Grove 
cell, in a circuit of a given resistance, sets in motion a greater 
quantity of electricity than a Smee or gravity cell ; hence we say 
that the E.M.F. of a Grove cell is greater than that of the other 
two kinds mentioned. It has been found that E.M.F. depends 
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iyvpojt the nature and condition of the substances which forw. 
^ hattery, aitd is, consequeiUly, quite indepetident of the size of 
'^ piaten and their distance apaH. The unit employeti in the 
■"easurement of E.M.F. is called a volt.' It is about the E.M.F. 
• a ciurent generated liy one gravity cell. The following 
ihle exhibits the electro-motive force iu volts of different 

I TABLE OF KLKOTRO-MOTIVE FORCES. 
Gravity or Dauicll 0.98 to 1.08 volts. 
Bansen aud Grove 1.75 to 1.95 " 
Leclanclig, at first 1.48 to 1.80 ■• 
Grenet '■ 1.80 to 2.3 
Smeo 85 .... ■• 

The E.M.F. oftlie last three decreases couslderably if the circuit Is 
)sed for a few minutes. Tbesc" numbers signify, for instance, that It 
11 rcijitiro 195 Sniee cells to give the same corrent in a circuit (of 
{b resistance) as wonld be given by 66 Grove cells. 

B181. Ohm's Law. — The law which expresses the strength 
uBke current, and is the basis of most mathematical cfUculationa 
[ currents, is expressed m the formula known as Ohm's Law. 
the current C, the E.M.F. simply E, and the whole 
itauee in the circuit R, the formuhi expressing the law is 

(■words, this means that the stfenglh of the current is equcd to 
s electro-motive force of the battel^/, divided by the resistance of 
B circuit; i.e., C will be greater or less as E is gi'eater or leas, 
it will be less when R is greater, and gi-eater when R is less. 
above relation — , when the external resistance is considered 
rately from the internal, must be converted thus t calling 
^ former B, and the latter r, the expressiou becomes 
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For single c Ua u o d nary use the value of r will oauaDy be 
between .5 an t 2 ohm 

Carreot sfcr u th s meaaid'eil iii a unit called a loeber. TUs 
is the amou t f 1 tr c ty flowing in one second thi-ot^h n cir- 
cuit, when E=: 1 olt and R= 1 ohm. Then, evidently, 

C (current streiigth) = webera per second, or — 

time 

If a cell hds E = 1 volt, and r = 1 ohm, and the connectjiig 
wire' ia. short nnd stout, so that R may be disregarded, then 
the current has a value of 1 weber. liut if the connecting wire 
has a reaistance, R. equal to 1 ohm, theu 

C= J^=~^=-= 5 weber 

R+r 1 +1 2 "' "^ ^''' I 

§182. SmnmajT of electrioal measurements. — Justafl 
re express au amount of money in the denomination dollars, or 
a mass of coal in the denomination pounds, we expreafi elec- 
trical 

Poteutlal. 1' (commonly, (lifference of P) . . In volts. 

Electro-motive force, E , " volts. 

Resistance, R . " ohms. 

Strength of curront, C " webera per second. 

The following will give some idea of the magnitude of Uie 
denominations. A gravity cell produces a difference of poten- 
tial or an electro-motive force (for these are only different ways 
of viewing the same quantity) of nearly 1 volt. To produce a 
spark 1""" long requires from 3,000 to 4,000 volts. A No. 16 
ordinary copper wire 250 ft. long (diameter .051 inch, weight 
2 lbs.) has a resistance of about 1 ohm. About 150 ft. of oop- 
per wire 1'""' in diameter has a reaistance of 1 ohm. An 
ordinary gravity cell may have an internal resistance of ^ ohm ; 
this cell will send through 125 ft, of No. 16 copper wire a cu^ 
rent whose strength is 1 weber. 
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solely upon the TuUure and condition oftlie aubiUnnreg tchirh/nrm 
the battery^ and ««, conaequentlif^ quite indt'itendent nf the nizv uf 
the 2)lcUes and their distance aputi. The iiuit eiiiplovc**! in the 
measurement of E.M.F. is called a volt.^ It in al>oiit the K.M.F. 
of a current geuerateil by one gravity cell. Tlic following 
table exbibits the electro-motive force in volts of difTen^nt 
cells : — 

TABLE OF KI-KCTRO-MOTIVE FORCKH. 

Gravity or Dauiell 0.98 to 1.08 volts. 

Bunsen and Grove 1.75 to 1.95 

3>clanchS, at first 1.48 to 1.<K) 

Grenet •* 1. ho to 2.3 

Sraee «J5 



1 • 
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The E.M.F. of the last three decreases eonsUlcrably if tlie circuit Is 
closed for a few minutes. These numl>ers signify, for instance, tliat it 
will require 195 Smee cells to give the same current in a circuit (of 
high resistance) as would be given by 65 Grove cells. 

§ 181. Ohm's Law. — The law which expresses the strength 
of the current, and is the basis of most niatheniatical calcuhitions 
on currents, is expressed in the formuhi known as OhnCs Law, 
Calling the current C, the E.M.F. simply K, luid the whoh' 
resistance in the circuit 11, the formula expressing the law is 

R 

In words, this means that the strength of the current is eqiml to 

the electro-motive force of the battei'y^ divided by the resistance of 

the circuit; i.e., C will Ikj greater or less as E is greater or less, 

but will be less when li is greater, and greater when R is less. 

F 
The above relation ^, when the external resistance is considered 

separately from the internal, must be converted thus : calling 
the former R, and the latter r^ the expression becomes 

R-f r 

^ Volt, /rom the name Votta, 
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, there i» HO external regiitance, the current incr«(uei lu 

ize of Ihe platet is inereased. The sajne is approsimitd; 

in case Uie external resietance is very sioall in corapaneoD 

iriUi ihe internal resistance. 

A^n, let E = 1, r = a ohms, as above, but the external le- 

l-wstance R = 200 ohms ; then C = ^^— = .0048+ weber. 



■10 paird are connected abreast, C = 



+ iOO 



: .0049+ webcr. 
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Zn this case, the current is scarcely affected by increasing tiie 
number of celis abreast. The qnestion then arises, what can 1» 
done to increase the current when the external resistance 
necessarily lai^e ; as, for instance, when a long telegraph wito 
is used. In this case R, in Oiiin'a formula, is unalterable, and 
... ,„ lessening r has little effect 

so there remains only or 
wity, viz., to increase E, tl 
rlcctro-niotive force. Hc 
nKiy tliis be done ? If II 
(.-ni'i'ciit from a cell, itMfU 
uf passing imniedlatelj'Oi^ 
tile cell on its journey, is on 
to pass tiu'ougb another e 
first, one might uatni'ally expect that either the two cells woj 
counteract one another in the circuit, or that they would donl 
^le B.M.F. Experiment shows that the latt«r result is the tl 
one, and that the E.M.F. is exactly proportional to the numi 
iff cells connected in series. Cells eo connected as 
the electro-motive force are said to be joined in series or (ai 
The method of counectuig the cells for this purpoao is shown 
Figure 144. 

It will be Been that in the multiple are (Fig. 143) ail the zi 
plates are connected with one another, and ail the copper plaf 
with one another. In the tandem arrangement the zinc of oi 
coiuiectcd with the copper of the next thi'oughout. 
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^ In the last exainplo given ahove, let u 

t of eouueeting the 10 cells in hit 

Maacil tcnfol*! ; and, as tlio fiirn-iit 

Uigod to pass through the liriiiii] of 10 | 

Is instead of one, tlie iat«nml resuituicc | 

also be increased tculblil ; Iwnce 

^^ ^" = .0400 webcr. inor 

(5x 10)+ 200 

t times as much as Iwfore. Tim 

Bsjipeflrs that, tvhen the external rtfiistiinc 

u large in comparison with the infernnl I 

utance, the current may be largehj in- 

ased by multiplying the eelh m ncries ; 

tber words, by forming a bnliery of 

d electio-tnotive force. In long loU-- 

ifh lines the battery is made up uf Imn- 
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I^rge eolis arc nstd simply )>&(« 
cause the fluids last longer, siu 
so tliu cells need less attention. ] 
Sonietinies a combination of tld 
two arrangements gives aetrongoi 
ciirroiit than cither alone, 
cc'lis may be grouped together h 
piiii's (as in Figure 145), i 
tiipli;tH (as in Figure U6), 
to increase the electro-motiv* 
force ; then the several groiipi 
raaj bo connected abrca.st, to rctluce the internal resistance. 
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PROBLEMS. 

Suppose that the cells In the lust cxaiiiiilp alii>vii be so increased 
aixe thai r la each= .S o!im, what current will be got from t 
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t. Whit mrrmt it thtwr irn ■ liilintiiitili Trim IITff ■nw lincit»"' 
^it if in circuit with 40 Gfore cellSt iiie fntmial j wwfatincc otmAtdt 
being .6 ohm, the xetistaiice of the wire IB ohnw to Ilie nrife^ nd Al 
m&ttaoce of the earth conneetloDs 100 obamf 

t. AneleeMeben, who8eTe8istaiicels.6<Am,liftNiiidti»nqrint 
eonetttof .01 webertoringit HowouHiiygrKiitgreellewlllifenfrini^ 
if the oifeolt eonsists of an iion wire 1 mUe long* taaTlog a dhaMlK 
of .008 in. (=i.ll""), diaregaiding the xesistaiioe of tbe edlst 

4. Which ia the better azraiigenient(i.e., abreast or taadoOrfltt 
gravity cella, each of .8 ohm reaiataooe, againat an extemal 
of 10 ohma, and what will be tlie anrent with each? 

•• In a batteorj of 10 oena connected in aeiiea, ten times aa 
alne and add aie oonaomed aa in one oelL 81iow how about nb** 
tentiia of tiw chemicals may be wasted. 

t. In a certain dicait a battery of 40 grayityceHa, each <^. 06 ciai 
zeaiataace, are need. The cells are arranged in two gronpa of MmDi 
each in aerlea, and the two groops are so connected as to dimislrii 
the Internal reaiatanoe. IfB=190o]mi8tWhatcarrentwillbeobtaiaedt 

7. Beyise Tariooa arrangements of 80 cells in wliich r s .8 oUi> ' 
Which anaagement la best when B=: 10 ohms? whmiB=80ofamsT 

§ 184. Oenercd conclusions. — A perfect battery wddd 

have the following qualities : — 

1. It would have a high electro-motive force. 

2. ItsE.M.F. would be constant^ whether used to produce dnmg 
or weak currents. 

3. It would have a small and constant internal resistance. 

No battery fulfils perfectly all these oonditions ; so, in practioe, 
the use to which the battery is to be put, its first cost, and the 
trouble and expense of keeping it in order, determine wMdi 
of these qualities shall be given up. The question, What is tlie 
best battery? is discussed in the Appendix, Section F. 

A current from a single cell, traversing a short, thick wire, 
will produce as large a deflection of a magnetic needle as a cur- 
rent from 500 cells connected in series. On the other hand, a 
message has been transmitted through the Atlantic cable, whose 
resistance is about 7,000 ohms, by a current generated in a 



s thimble, aaA the signals product nero as distinct aa 
ie that would be produced by a cell of several square feet. 
this case, the quantity of electricity that passed dei>endect 
^ieE^v upon the E.M.F. of the battery, and not upon its inter" 
_ i resistance, (How, in the former case, can the current be 
increased? How could it have been increased in the latter 
cose?) 

The same strength of current that would fuse an inch of 
platinum wire would fbse & mUe of the same wire, Biit while 
''tie Poll would fuse the inch of wire, it would require the E.M.F. 
Of many hundred to maintain the same strength of current in 
Ule mile of wire. 

A battery of three cells arranged abreast will fuse a certain 
length of platinum wire, but will not be felt by a person holding 
the poles in his hands ; while a battery of 100 cells in aeries will 
Hot fuse the aauie wire, but will produce quite a shock. 

The |.>ower of an elcotro-mt^net depends largely upon the 
number of tiinea a given current circulates around its core, and 
Upon the nearness of the current to the core ; for compactness, 
and to keep the current near the core, a fine wire must then h 
nsed. But a long, thin wire woiild offer large resistance, that 
might so reduce the current as to more than offset the advan- 
tage that would otherwise be gained. Hence, when lltere is 
little other reaiatanoe in a circuit, a large mre with few tuma 
wJH give the atroTigest etectro-magtiet. But if an electro-magnet 
is to be naed in a circuit with other large resistance, then the 
introduction of a helix of many turns of flnc wire would add 
httie more resistance comparatively, so the sti'ength of the cur-, 
rent would he reduced but little, while a great gain would be 
made in the effect on the core. For the same reason, a galv! 
nometer intended to be used in circuits where there is little- 
resistance, should contain only a few turns of lai^e wire; but 
I to be used with large resistance, it should contain i 
, fine wire. Eledro-magnets and galvanometers should be 
i to the circuits in which they are used. 
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L AbeUfiiWjuliiBstaBlito1»xn«bjaeacCtoB0f acWi^J 
flMgnet The canent ted cobw ftoiiftliBllHMj taBewTflA irf^'^ 
fhoiild llie electco-sMgMtlw eoMtracted? 

t. If yoa wished to meune the amwt^bjllie Inlwwi T U ni <• 
gelTaoometer Into liie dieiitt hi Waehtastoa, hour Aoold it be bmW 

S. Woiilditieqiilre»diflBfenk«iln»oMBtarlf ItwetetolNWa- 
diiced into the seme dieatt hi Vevr Toik, oaff a few tat ftoafti 
battery? 

4. Provided there wen bo lMta«os, how woald As defleedoM' 
the two pieces coiiip«e? 



XXXI. MAGNKT8 AliD MAGlflBTIgIL 

f 18Sl P^rmaiiesit axid temporary masnate- — Onecfttt 
most familiar {neoes of physical af^Mntos is a magn^L We 
know how it can pkk up bits of iron and ateeL Bj Hie sUof 
a small instrument already studied, we may make apair of smiil 
magnets, and study their acticms and laws. 

Experiment. Take the electro-magnet, described on page 196, tod 
a couple of sewing needles or larger steel rods. Apply these needles, 
one at a time, to one end of the electro-magnet, and draw them seTer&l 
times across it from end to end, always in the same direction, and not 
rubbing back and forth. Repeat the operation with an iron wire of 
the same size ; both the wire and the steel are attracted by the electro- 
magnet, l)ut the iron ^vire more strongly. Observe that both, while to 
contact with the electro-magnet, possess the power of attracting bits 
of iron ; but, on removing them, the steel is found to retain the property 
it liad, while the iron does not. 

Both of them exerted that peculiar force called magneHc force^ 
or possessed the property called magnetism^ that is, both were 
magnets ; ])ut, as the steel retains its power, it is called a permor 
nent magnet in distinction from a temporary magnet, like the 
iron wire or the electro-magnet itself. The quality of steel by 
which it at first resists the power of magnets, and resists the 
escape of magnetism which it has once acquired, is called coer- 
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e force. The harder steel is, thf greater is its coercive force. 
Heace, highly tempered steel is used for permauent tnaguela. ] 
Hardened iron possesses Bome coercive force ; hence, the cores i 
of electro-magnets should he inade of the softest iron, tbut tliey 
may aorjuire and part with magnetism iiistantaiieoush'. 

§ 186. Lia'W of magnets. — Elxperiment 1. Suspend tliu two 
m&gnets, each iu a horizontal position, hy threoUs that will uot untwist. 



Fig. HT. 
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other. When they ft^ 

tjoe that tliey have " " " 

taken up a direction nearly north and south. Tie a tlireail ou the enti 

of each that points to the north. 

This end, or poZe, as it is usually called, we will speak of as 
N-end, +, or -marked end or \x>\e, while the other is the 
rked, — , or S-end or pole. 



Lxperiment 2. Brin^ the marked end of ouc of tlic magnets iionr 
; nnmarked end of the othur; they attract one another. Next 
bring the marked end of one near to theniarlwdendof the other; they 
repel one another. Bring the unmarked ends ucar one another; they 
Fepel one another. 

IFe discover the following law of magnets : Like poles re2>et, 
Pcepolea attract oTie another. 

k 187. Magnetic transparency and induotion. — Bxpeii- 

Interpoae a piece of glass, paper, or wood-shaving between 
!o magnets. These substances are not themselves perceptibly 
ted by the magnets, nor do they In the least affect the attraction ' 
fepnlsion between the two magnets. 

fiuhstances that are not susceptible to inagnetism are, like 

glass, [japer, and wood, tnagneticalhi trorisparent. "When i 
magnet causes another body, iti contact with it or iu its neigh- 
borhood, to become a magnet, it is said to induce magnetism in 
tbody, i.e., it injuences it to he like itself. As attraction. 
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and uevcr I'epulfiioii, occurs between a inogDet aiid an unmaf 
netized piece of iron or eteel, it miist be that the magnetia 
induced in the latter is Buch that opposite poles are adjacent 
,^at IB, a N or +pole induces a S or —pole nest itself, as sbowj 
Figure 147. 



188. Polarity. — Experiment 1. Strew iron filings o 

ytg. nn, surface, and lay a bar raagoet e 

tliem. Od raising tlie magnet, ■ 
!s found that large tufts of flllod 
cling to the poles^ as i 
1*8, especially to the edges ; but the tufts diuiinish regularly In b 
from either pole towards the center, where none are found. 

Magnetic ailraction is grealesl at the poles, and diminisH 

W towards the center, where it is nothing, or the center of the bar a 

■al. The dual character of the magnet, as exhibited ii 

Eopposite extremities, is called polarity, aud mt^netism is et}'Ii 

\polar force. If a magnet is broken at its neutral line, as { 

Exj). 1, p. 28, it ia found that equal and opposite polai 

exist where there is ordinarily i 
' evidence of them. 

Experiment 2. Place a copper w 
through whlcli a very strong current d 
■electricity is passing, in a heap of Iron filings, — then raise the wire 
lUugs ding to the wire somewhat as tlicy do to a maguet, as shown ]^ 
IHgure U3. 

This experiment, and those with the electro-magnet and t 
beflection of the magnetic needle by an electric consent, and i 
ipoultitude of others that the pupil wUl meet with, cannot fail \ 
»nvince him that an intimate relation exists between electri 
ind magnetism, which, though differing in many of their pro 
■ties, yet alike in many, and almost invariably accompann 
big one auother, and constantly merging one into the othe^ 
Appear as if they were only different manifestations of one a 
the same agent. 
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S 189. Atfcraotioii and repulaion between currents. - 
Let us study still further p,, ,3, y^^ ,„ 

Che properties of the cur- 
rent. 



CT-^ 





Ezpertmeiit 1. Suspend 

tiro copper wlrca (Fig. 

150), each 60™ long, and j 

aboot S"™ apart, with their 

Joirer extremlUeB dipping 
ihoat 2'™' Into mercury, so 
Its to move with little re- 
sistance either toward or 
from coch other. In Flg- 
□re 150 the current divides 
itself and flows down both 
wires to the liquid, ao that 
that part of the circuit presents parallel currents tlowiiig In tin.- suiiio 
direction. Figure 151 ia the aame apparatua, wltli tiie cimt]i.-elliii]s mt 
made that the current flows dowu one wire and up tlie utlitr, aud wv 
have an example of parallel currents flowing In oppoNllu illrci-lions. In 
the former case the wirea mutually y,^ ,.,, 

attract one another. In the latter 
there Is mutual repulsion. 

Hence, the J"irBt Law of Cur- 
rente : Parallel currenta.in the same ■ 
direction attract one another; par- . 
ailel currents in opposite directions 
repel one another. 

Aq iDtcresting illustration of the ^ 
former part of this law can be ar- 
ranged aa in F%ure 152. A bat- 
tery wire i« bent in the form of a 
spiral coil. At a the wire is broken, 
and one end dips just below the surface of mercury in a gl.isa, 
while the other end is placed in the same liquid at a little dis- 
tance from the first. When the circuit is closed the current will 
he parallel with itaelf, and will flow in the same direction in 
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all puts of the ooil Ifait ire ft4»o<*>L '^^ < 

follows will cause the ooQ to oontnct and lift one pok ^M 

tbe mercniy and break the drcnit. Tlie ctocnlt braba^l^ 

attractkm ceases, and the ooil is drawn down again bj the MH 

of gravity, and closes the cdicntt again 

Tibratory motion is prodaoed in the ooiL 



ftepan ■pparrtna as r a pres m ted Id Tlgm tt 1 
,_ T1iroii^'aeoika,B* 

I andS— tlildccntadrcdiiMa' I 
\ aboat V^ In dtamater, and tiirt j 
k glass test-tube b, ibo&t )", | 
long, that wHI Just lit tn flia !*■. I 
Take a (So. 20) tauolated a 
win about MO" long, win 
centa«lp(HllonhitoaeoIla,ll* | 
long and 16^ In d 
tama aboat 8"^ a 
about 1S~ at bofli tubteaUm ^ 
nnwonnd. To these extremMH 
solder etrlpa of copper and amil- 
gamatad zinc about 8°^ long, iid 
as wide as the Interior of the test- 
tube will admit, and allow then) 
to be separated abont 6>™. Id- 
Fig. IDS. sert them in the tube, 

'^ and cover with diliiUi 
snlphuricacid. In the 
Iter of the coll lij 
' a No. 16 soft Hon 
wire d, and float tlw 
whole In a vessel of 
water. Theappantss 
constitutes a small 
floating battery and clectro-mngnt^t. Bring one end of a permanent 
magnet, or a short piece of soft Iron wire e, suspended In a pt^ier 
stirrup n, near to one of the poles of the core of the electro-magnet, 
and prove by experiment that the coil and Its core behave In eTery 




et, and bring a separate battery wire over nml pnmllel with the I 
1 aa in Figure 154. In this position the two ciirrcnls flow tn I 
nt right angles to one nnother. Immefllntely tbt! i-oll turns and 1 
Lo take a position at right ODgies to the wire above, so that the I 
<* enrrents ma; flow in parallel planes and in the same liirectiou, hs J 
figure ISB. 

I Hence, the Second Law of Cmrents : Angidar currents lend to 
le parallel and Jlovj m Ike same direction. 
^ Obsen-e that tlie action of the ^- 15«. 

"^'ix in the last oxperimeut is 
snalogoug to tbe deflection of a 
■''^gnetic needle by an electric 
■current. 

Bxperiment 4. Place opposite 
"He end of the floating helix a second 
"lelli, Figure 156, in snch a manner that tlie currents in the two helices 
DJij have the same direction. The two poles of the helices attract 
one another in conformity to the First Law of Currents. Revarae Iho 
poles of the helix in your hand so that the currents will flow In oppo- 
site dh-ectlona, tliongh still parallel ; they repel one another. (Why?) 

Tlie two helices oppear to be polarized like two magnets, and 
for maoy pui-posea may he considered as niagoets. Observe 
that at one pole of each helix the current revolves in the direc- 
tion that tlie hands of a watch move, and at the opposite pole 
it revolves in a direction contrary to the movement of the hands 
of a watch. Bring the uortb pole of a bar-magnet near that 
pole of the helix where the motion of the current corresponds to 
[JBie movenient of the hands t)f a watch. They attract one aa- 
ler; bnt if the same pole of the helix is approachetl by the 
South pole of the magnet, repulsion follows. Hence, that is the 
south pole of a helix where the current corresponds to the motion 
of the hands of a watch, (e), and that is the north pole where the 
current is ui the reverse direction, ^. But the important lee- 
derived from these latter experiments ta, that helices throvgh. 
currents are fiomng behave toward one another, or lowarA' 
0iaf/net, in tnany respects as if they were magneti 
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1 19a Ampteo^B ttMCKT.— Tin fteto'vUe 
atndied led. Ampire about dxlj yms ago to doriM a tfaeat; il 
fonuabed a OMtnecting Unk betmrai magnetiam and a'^ 
It aaamned that anmnd evoy mdeaile of iroa, ateel, or fli 
magnetixaUe aubatance, eledite ounrnts dicnlate o 
and thna eveiy molecole beoomes a magnet. AooradingtvH 
theoiy, in &o onmagnetized bar tbeae onrreota lie in all p 
planes, and, having no nutty of diiectioti, tiwy neotzaliae oai I 
another, and ao their eflbct aa a ajatem is zero. Botif acomri 1 
of electricity or a magnet ia bioi^^ near, the effect of tte !» 1 
duction is to tnm the canvnta into parallel [danea, and in te 1 
same direction, in confbrmi^ to the Seomd Law of CnmA. I 
If the coerdve force is stitHig enon^ this parallelism will be ] 
attained on the remoral of tiM Indncing eanae, and a p 
magnet ia the result. 

Intensity of magnetization dependa on ttte degree of paaU* j 
ism, and the latter depends on the strength of tlie inflnendif 
magnet. When these cnrrenta have become qnite parallel, t)M 
body baa received all the magnetoam that it is capable of recor- 
ing, and is naid to be aaturated. Altbougli the currenta reallj 
^ „[j circulate around tbij individiial 

molecolea, yet tbe resultant of 
these forc^ is easentially the 
ne as if the currents circu- 
lated around the l>ody as a 
I whole. Figure 157 repTesenta 
sections of a cylindrical mag- 
net, and the included circles 
tbe circulation of the several 
currents around the molecules 
lying in these sections. It will 
be seen that the currents at tiie 
contiguous sides of any two of these circles move in opposite 
directions, and therefore must neutralize one anotiier ; while llie 
cairents that pass next the circumference of the magnet are not 
80 affected. 
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Hie hypothetical curreuts tlmt circalatc aroand & tna^iieUo 

'c shall call A>ni>Man cwTKjtt*, to (listinguinli tlicut 

n ibc kuown corroat tLmt trnvvrses the hollx. Id strict lu-con)- 

e with this theory, the poli* of the electro- magnet ar« iIuU-T' 

d by tlie directioD of the oiiireDt in the bcllx. Tbu imlurtfvo 

ce of the electric ciirn-ut otiuw^ tlie Aiup^rinu <-uiTRtitM to 

e eame directiou with itself, an rcprvsvutiHl in Ki);iiro 158. 
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However well a<1apted this theory may be to vxplain most of tho 
kuon-n phenomena of maguetism, it should be bonio in mind 
that physieiAts of this gcDeration value the theory rather aa a 
help to the imagination and memory, tlian as a tnie siatemeut 
of the facta. It is nearer the truth to say that the moleculoa 
are polarized as if currents were circulating around them ; of 
the actual existence of such currents we know uotiiing. So 
also of the real nature of polarity we know little or nothiui;. 

EXERCISES AND QUESTIONS. 

1. Beg&rding four letid-peticll as a rod or iron, and a strhig aa aa 
electric wire, tie a knot at tbe end where the current Is supposed to 
enter it, and wind the string spirally around your pencil, bo as to make 
the point of tlic pencil a south pole. 

S. What would bu the effutt of reversing the cuiTcni? 
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k„.....,_.,... 

^^^Kthe euds, all turned in the sonie direction 
^^Hpents, as In Flgnru 159. Imagine each to 



vn around them, also 
represent Am|)6riuu 
% mug nut, determine 
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lAMl !• tte MTtb xad which Is the soutli pole of L'acli, and inirk Iheo 
MOt^dlnglf wWi the lotten N and S. 

C (n) Tlaoe the two soath poles near one another, and 
why thqr stKivhl repel one aaother. (b) Da the same witb tbe m 
Dorth polN. 

■. Let a torQi and a south pole face oue another, and show wbj 
they ahauld attract one another. 

1. Stretdi a string In a northerl; and southerly direction, and fit- 
pend am of Qm boxes as a magnetic needle over and parallel irtthfl 
■trlng, with Ita north pole pointing north; tiien Imagine a cnmtt^ 
eater the sbctng at lis southern extremity, and determbie its eSbettoi 
the medle. 

T. Why ti a magnetic needle deflected by an electric cnrrent! 

t. Why U the direction of the deflection dependent on the (Undid 
of thecorrentf 

j 191. ^w earth a great magnet. — Experiment l. Hi 
netlse a cambilc needle. Suspend It bj a fine thread attached tol 
middle over a raagoet, and midway between Its poles. The need 
however placed, immediately takes a position parallel with the magn 
The magnet ex<;rta n directive inflnence on the needle. Bemore A* 
magnet, and the iii?edlG tal^es a northerly and Bontheriy direction. 

If you canytlie needle all over your town or State, It will still milB- 
tain tilts direction. Something, like the magnet, exerts a direcHn 
Influence on the inii^ctic uecdic. 

Ftg. ISO. 
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Experiment 2. Place the needle once more In its original poellliHi 
over the magnet, and gradnally move It troiD the middle towaids <hw 
pole of the magnet ; the needle ceases to be horizontd. At eltlwr itda 
of the center It dips; If It la nearer the H-pole of the bar, Uw &^ 
dips, and conversely, as ahown In Eignre 100. If the needle Is profO^ 
supported, the dip increases UU at the poles the inclination is 90°. 

If a magnetic needle ft%ely suspended is oanied to different 
parts of the earth's snrfoce, it will dip as it approadiw 
the polar regions, and ia only horizontal at or near the eaiths 
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A commoD compass needle mast have the S-CDtl 
I to keep it horizontal. Like effects are pomiuouly at- 

1 to like caiisee. These pUenom- p,„, ,^ 

are just wiiat we should expect 
9 is verv improbaWe) a huge magnet 
e throst through the axis of rotation 
J earth, aa represonted in Figure 
— ha\-ing its N-pole near the S 
raphical pole, and ita S-pole near 
I geographical pole ; or if (as ia 
more probable) the earth itself is a 



Fig. 163. 




EliEperlment 3. Mngnetize 
ma; be at the extremities of o 
plate of glaas. Sift over 
the glass flae iron-flllags, 
as in Esp. 2, p- 38. Gently 
tap the glass it Tew times, 
so aa to ngitute the fHings. 
Once In motion, tliey ar- 
range themselves in lines 
raiilating rrom cither pole, 
forming graceful curves 
from pole to pole, as reii- 
Msented iu Figure 1112. 
These represent what are 
called Jiiies of magnetic 
foree. They rcpresout the 
resultants of the comhined 
actlOD of the two poles. 
Kow carry the Utile mag- 
netized cambric needle 
around the disk. Itlbllows 
the lines of magnetic force 
aa mapped out by the Sl- 
ings, always assuming a 
position tangent to the magnetic curve, as shown m Figi 




mtfu 



ia evident that the space arouud a magnet is the seat of a 
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IK^ouliar infliienco ; this space, extending as far as the nuigDa 
oxiTts auy ettect, is called the magnetic field. The last experi- 
nuMit presents a true exhibition, on a small scale, of what the 
earth d^H^s on a large one, and thereby presents one of masj 
l)lienoiuena which lead to the conclusion that the earth U a 

ft 

$ 192. Magnetic poles of the eaiiih. — It wUl be sees 
that thorv* are two ix)ints where the needle points directly to the 
eoiiter of the disk. A point was found on the western coast of 
l>oothia, by Sir James Ross, in the year 1831, where the dipping 
needle lacked only one-sixtieth of a degree of pointing dirediy 
to the earth's center. The same voyager subsequently reached 
a inniit in Victoria Land where the opposite pole of the needle 
lacked only \° '20' of pointing to the earth's center. 

It will be soon tliat, if we call that end of a magnetic needle which 
points north tho X-polo, wo must call that magnetic pole of the earth 
which is in the uorthoni hemisphere the S-pole, and vice versa. (See 
FiiT. UJ'i."^ Honco, to avoid confusion, many careful writers abstiun 
from tho u*io of tho tornis north and south poles, and substitute for 
thoiii tho tonus positive and tuyative, or marked and unmarked poles. 

S 193. Variation of the needle. — Inasmuch as the mag- 
net ic nolos (>r tho earth do not coincide with the geographical 
pi>Ios, it follows tluit tho noodle does not in most places point due 
north II nd south. The angle which the needle makes with the 
giH^ixmi^hionl meridian is known as the angle of declination. 
This angle differs at different places. 

Exporlmont. As Columbus found, we can easily find, the declina- 
tion at any place as follows : Set up two sticks so that a string joining 
them points to the North Star; the string will lie in the geographical 
meridian. Place a long magnetic needle over the string; the angle 
between the needle and the string is the required declination. If great 
accuracy is required, allowance must be made for the fact that the 
star is not exactly over the pole, but appears to describe daily around 
it a circle whose diameter is about 4°. 
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a iDAgnptic polp, nnrl II flu- NortJi ' 
; it vrill be soen that tlii^n> is a [mmi- 
in wbicb tbe DDodle will [joiut diii> 
A line passing around tUi- inrth 
h tbe two magnetic poU-s. ivm- 
bg those placea wliere tlie hccIIi' 
s due north, is called a line of no ' 

n. On the map, Plate LI., it is marked 0. Lincit eaat 
it of this line, and approximately parallel with it, rt'pre- 
t lines of equal variation. At plaeea in the Uniti-d Stutea 
east of this line the needle points west of nortli, e.i/., New 
England : but mo&t of the States lie west of this line, so in tlicm 
the naertle points cast of north. 

The magnetic poles are not fixed objects that can be tocatod 
like an island or cape, but are constantly changing. They ap- 
pear to swing, somewhat like a pendulum, in an easterly and 
westerly direction, each swmg requiring centuries to conipti^te it. 
The north magnetic pole is now on its westerly swing. The 
chart given in this book was only trne at the time of observation 
in 1870. To be true for the present time, each of tlio lines 
should be moved westward at the rate of about 1° for every 
twelve years. 

§ 194. Natural magnets. — On the assumption that the 
earth is a magnet, it would not ho strange if iniignctizable sub- 
stances should partake of its magnetic properties by induction. 
An ore of iron called lodestone, composed of a mixture of two 
oxides of this metal, possesses more or less magnetic power. 
Such magnets are termed natural magnets, to distinguish them 
from the artificial magnets of steel. 

S 195. Cause of the earth's magnetiBm. — The cause of 

the earth's magnetism is not known. The tbeoi-y that it is an 

electro-magnet in virtue of currents flowing around it near ita 

sm^ace, fi^m west to east, explains all the effects that it pro- 

K.duoes on the magnetic needle. But what sustains these electric 



I 

I' 

I 
I 



ELECTRICITY AND MAGNETISM. 

Ciirreuts. There are many things that point to the sua 
.source of tlic earth's magnetism. Those who adopt this theoi 
'geuenttly regard the terrestrial currents as thoriHO-eleetTie. 
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A single Instnnce lanst samce to Illustrate the intimate relation tt 
certiilntr exists between tbc sun's condition ant] the cunh'g maj' 
netism. In 185D tvro observers remote from ench other saw slaiia 
taacously a bright spot break out on the face of the sun, whose (lumtl<J 
'Vnjs only Qve minutes. Exactly at this time there y/a^ a general dl» 
4iirbance of magnetic needles, and telegrapti wires all o 
,were traversed with so-called earth cm-mmM. Telegraphers recelv^ 1 
shocks, and an apparatus iu Norway was set on fire. These pheno 
■were quickly folloived by auroral displays. Sometimes telegrapl 
-worked by earth currents alone, without any battery In the clrcidB, I 



§ 196. General remarks on magnets and masnetin 

— Artificial magnets, including permiiuont maguet'! and elect 
magnets, are usually made in the sha|)e either oC a straight 8 
•or of the letter U, called the horse-shoe, according to the i 
'made of them. If we wish, as in the experiments already fl 
%cril>Gd, to use but a single pole, it is desirable to have the o 
AS far away as possible ; then obviously the bar-raa^ot la h 
'Convenient. But if the magnet is to be used for tilling or h 
ing weights, the horse-shoe foiTO is far better, because.^ 
attraction of both poles is convcnioutlj- availal 
and because their combined power is more t 
Iwicc that of a single pole. Tliis is due to | 
nllcx influence of the poles on one another thi 
iln' iinnature. Magnets, when not in 
iiUiiiys to be protected by armatures (A, Fig. : 
of soft iron ; for, uotwiUistanding the i 
power of steel, they slowlj' part with their i 
tisni. But when an armature ia used, the o 
poles of the magnet and armature being ii 
with one another, i.e., N with S, they serve toll 
a another's magnetism. 
Thin bars of ateel can be more thoroughly inagnotized t 
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^^pTones. Hence, if several tliin bars (Fig. 104) arc laid side j 

^Kside, with their correspoDdiog poles turned in tlie same I 

^^nction, and then screwed together, a very powerful magnet I 

^^he result. This is called a comi>ound magnet. In any mag- j 

^K the outer layers arc far more strongly mc^netizcd than the 1 

^Btral ones; so a steel tube makes verj' nearly as strong a I 

^Hgnet as a rod of the same diameter, and is macb lighter than i 

Be latter. I 

^Tl ld7. DiamagnetiBm. — Besides iron and st«el, many 1 
' other substances, and possibly all substances, both in the liquid 
and gaseous, as well as in the solid state, are more or leas sua- i 
ceptible to magnetic influence. Conspicuous among tlieae are 
I nickel and cobalt. But this influence is not always of the same ] 
I kind. A small bar of bismuth suspended between the poles of I 
a powerful electro-magnet, instead of being attracted is repelled 
by the poles of the magnet, as shown by its taking a position 
with its longest axis at right angles to a direct line between the 
poles. Substances which behave in this manner are called dia- 
magnetiCi and they are said to place themselves equatoriall^ 
I between the poles. Substances that place themselves axiully , 
between the poles, as iron and nickel, are called paramagnetic, ' 
or simply magnetic- 
Paramagnetic liquids placed in a watch-glass between the 
poles become heaped up at the poles and depressed in the een- j 
ter, while the opposite phenomena occiu" with diamagnetic I 
liquids. The magnetic behavior of gases may be learned by I 
inflating soap-bubbles with them, and noting the direction of I 
their distension. Alcohol, water, nitrogen, and carbonic acid | 
are diamagnetic. Oxygen is paramagnetic. The only sub- 
stances whose magnetic properties can be shown without extra- I 
orduinrj' apparatus are iron and its compounds. j 

§ 198. Magnets not eources of enerer. — Perpetual- J 

motion seekers are easily led into tiie error of supposing that in 1 

^B|e magnet they have au inexhaustible supply of energy ; but j 
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very little study will serve to exhibit the charader otftlj 
If, for instance, we bring a piece of iron ne 

is attracted, ond, if allowed to move up to the magnet, W 
forct! of altractioii will do a certain amonot of work. Take no 
aiiolber piucu of iron similar to the first ; tliis also will be It 
trnctcd, and a certain amount of work will be performed, birtiB 
.iees amount than that done ia the flrst instance. Continoa ftl| 

iration until the magnet no longer attracts ; then the s 

IS done a definite amount of work, and lost tlie power of doing 
linoro. To restore it to its original condition, we must reiiiats< 
all the pieces of iron ; this will require an expenditure of « 
Dal work exactly equal b> tliat originally performed by tlicl 
magnet. 



Bopci 
Bias 
H^or 
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§ 199. Introductory experiments.— Experiment 1. i 

nect a helix with ndclioaW ealvanometcr (Fig. IBS), and quickly tt 
a magnetfzccl stfol rod inin tli« toll. A ilefiection of the necdlo si 
K tiiat a current of electricity at tliat instant traverses the wire. Botf 
■ Fig. 105. ^^ "^"^' *^'*'" " ' 

^V EB^ ^''*^' "^^^s Hhows that tile cuireatl 

^^L d^^^^v^-f ^"^ only momentaiy. Quick! 

^K! ^^I^^lb remove the magnet; ogalnthewl 

^^F .^^B^^^ ^J^^3^^K ^ traversed by a ciirrt 

^^P 1 E^^HBF I^H^^B ^^ '^™^ '" "^ opposite ilircctlon B 
^^Kf I •/1\ I [ ^^9^^^l ''^"^ flmt, as fihown 1}y an oppoiH 

^^K I I tI I ^^^^^^I dcfiection. Bepeat the expertmsS 

J^^ III ^^^^^1 ^"'^ notice that when the n 

[ I Jw'T' J Lj I ^^^^^H approaches the coll the induce 

■H^H^HHhl' I ^^^^^^L.-.^^^ current mliH In the opposite d 
JIH^^H^Ei'^^^^^^Hf^ tion to the Amp^rian current 
_ ^i^^^^^—^^^^^^^^ represented In Figure 16C. 

L when the maipiet Is withdraw! 

^B thti induced current takes the same direction with the AmpMim c 
^Blents, as In Figure IfiT. In the fonner case, the repulsion due ti 
^R^posltc ciiiTcuts Illicit iLct 03 Q resistance tg the force tiiat brings i 
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Place within the coQ 

& coK of soft iron. Wavo buck and forth, uvcr di 
core, one of the polea of a powerful lior-nia^et. 
fnilvanoraeter is violently agitated, Iwtiig dea><cte<1 I 
eufh approach, and lu the opposite direction at eoci 
repeat tbe experiments with tlui opposite polo of 
ittnet Is, as ve should cjcpect, to reverse 
all the corrents. 



:K cxtrcmli; of tlit I 
Tho iieiMlIc of ih» J 
in one dlrei'tion m 
I departure. Now J 

the nio^ncl. TIM J 

Ftg. 188. 



§ 200. M&gn&to and dynamo 
macbines. — If the permanent tnog- 
net is Btationary, and the electro- 
m^net is moved back and forth, 

i result is the same as when the 

fnet was moved and the olectro- 

Taa stationary. Machines 

^structed for the purpose of gene- 

ing electricity in this manner are 

lll^ magneto-electric mackhies, 

Sigwe 170 will give a ^nenJ ideii of 

■ construction of the eimpler Klnil^ r^f 

pKta msclilnes. N S is a pemmuotit 

taponnd horse-shoe roagnet. EE are 

colls containing cores of soft iron eon- 

Docled by the back-armatiirt! C C, the 

whole constituting a sort of an armature 

to the pennaiient magnet. The brass axk* D H Is 

■Mth the back-annature C C, so that whi'ii the axle Is roluted by i. 




I 
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■of the crank A, both helloes are carried around with It. Now, sup' 
the crank to be turned ; (luring the flrst quarter of a revolution a 
•ration of poles occurs, and currenta of electricity are establtshe 
both helices. The nirc that constitutes the helix is wound in oppi 
directions around the two cores, so tliat the two currents may not 
in opposite directions through the wire, and thereby neutralize oni 
other, but ma; hare a conunon direction, and thereby produce a cni 
of double the electro-motive force that would be produced in a si 
helix. During the second quarter-revolution the poles approach oni 
other, and the efTect would be to reverse the current ; but the polaritj 
the cores also change as they are now broagbt under the influence of 
poles which they are approaching, and this double change leaves the < 
rent to flow in the same direction as it did before. At the end of a 1 
levolntlon there is a reversal of current, as the poles do not change 
this point. The result would be that during every revolution tb 
would be a current half of the time in one direction, and half of 
time in the opposite direction. In order to secure a constant curl 
in one direction, a current-reverse r I, or commulator, as it is called, 
tached to the axle, is so arranged that the current is reversed at 
eud of each half revolution, and is then conducted away by the wl 
OH. 

Each of the two currents produced in a single revolution 

Mg. iM. * maximam point, or point of gi-eatest 

tensity, when the cores are nearest 

poles of the magnet ; nnd a minimam po 

or point of least iutensity, when they 

farthest from the poles. Between tt 

two points the eurrent ia constantly gro 

ing or diminishing. It ia apparent 

such a machine gives not only an intei 

t«nt current, but one that resembles a si 

eeasion of waves or a stream produced 

the strokes of a pnmp, alternately rie 

and sinking. But for most purposes 

which electricity is employed, it is important that the eurr 

should be continuous and uniform. Figure 1C9 will serve 

illustrate the principle by which this is secured ia the wide 
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^^■irwii Gramme machine. The armature F-W conBists of a 

^^Hg of soft iron BuiTonndecl by an endless eoil ot wire. 

^^Hgnet NS is 80 placed that one-half of the ring ta under the 

^^■nenee of the N-pole and the other under that of the S-pol( 

^^Bw, suppose the ring to rotate in the direction indicateil by 

^^^h arrow ; then every point of the iron core, as it comes 

^^^bosite a given pole of the magnet, will successively becoma 

^^^bole of opposite name. The advance of this induced pole 

^^Bl induce currents in the wire tending in the upppr half up- 

^^^Brd from K toward W, and iu the lower half downward from 

^^Btoward W, as indicated by arrow-heads. Now, if the ends 

^^Han external wire HH constantly touch the equatorial points 

^^Band £, a current will Evidently pass coustanUy through this 

^^B» and tlie galvanometer G, from W to E. A commutator is 

^^H|i>ii^*^ ^ ^' machines of this class. 

^^|ui large machines, electro- magneta, excite<l 

^^He itself, are used instead of permanent magnets, and thereby 

^^H|p,ter inductive jxiwer and compactness are secured. Such a 

^^B^iine is called a dymtmo-electrkal machine, or often more 

^^Hpfly a dynamo. The hand, or the steam engine, supplies 

^^^K enei^ to revolve the ring, and the product is electricity. 

^^^e greater the mechanical power employed, in other words, 

■I the more rapid the revolutions, the greater the electro-motive 

force of the current produced. The electro-motive force also 

varies with the number of turns of wire in the coil used, and 

with the strength of the inducing magnets. The helix around 

the i-ing-shaped core may be made up of many turns of wire, if 

a high electro-motive force is desired to overcome gi'eat estemal 

resistances ; or of fewer turns of larger wii-e, if a small internal 

resistance is wanted, as for electro- plating. Ohm's law applies 

here just as in the operation of a galvanic battery. Tn both 

^^Mscs the strength of tke anreiU is equal to the electro-motive 

^^brce divided by the resistance of the circuit through which it 



jTVhen a very intense current is needed, an engine of eight or 
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ten horse-powor is frequently required. It is e\'ideiit that 
intensity of the electric current, i.e., the quantity of eleotrid 
set in motion, coming (Vom a magneto machine capable of a 
I eorbing euch n lai^e amount of work, must be enormous as cc 
Ipared with a galvanic battery of any moderate size. Indeed, 
Cbrmer baa almost completely displaced the latter for many 
Idustrial purposes, pardeularly for illumination and chemical i 
letallui^cal operations ; and it seems probable tliat it ivill so 
i it has already done in some measure, supersede the 
tor telegraphing purposes. And, generally, as a ready, ateai 
Icfeaniy, convenient, powerful, and (disregarding tbe first oo« 
BflAeaj) source of electricity, the magneto or dynamo machine 
■ Us improved forms is far superior to any galvanic battery. 

g 203- Current inductioii. — If, in the original experinu 
pin magneto -electric induction (p. 226), a helis connected with 
battery is substituted for the permanent magnet, precisely 
same results arc obtained as with the magnet. Indeed. 
to expect the same results. (Wliy ?) The wire A, Figure 171 





■ through which the battery cunent circulates, is known in tl 

s the primary wire, and the battery cun-ent, the prima 

r inducing current. The wire B, through which the indue 

nirrents circulate, is called the s^condai-y vjire, and the currer 

' that traverse this wire are fi^quently called secondary currents. 



EXTRA CURRENT. 2M 

It will be obsen'ed that in all thoHo ox|)oriTiiontM wi* Imvi* u 

relative motion ]x*tween a conductor iiml an iiifliiciii>; UnIv 

(magnet or current-bearing conductor) ; also, tliat fliTtririty 

flows only during the continuance of tlie rt'lativt* ni(»tioii. I)i-li- 

cate measurements have proveil tliat tlic total quantity (»f 

induced electricity transmitted in the contluctor i1c)m'I1(|s mi 

the total quantit3' of change in relative motion, and not at all 

on the time occupied in this change. IIimicc, it is «>vi(l«-nt, that 

the more rapid the change, the more inU.*nse must Ih* tli«> lUftnirn- 

tary current; i.e., the greater must Ije the quantity of rliM-tri- 

city flowing at the moment. Comhiniui^ this stat«-in«'nt with 

Ohm's law, remembering that the resistance of the M-rondary 

circuit is constant, we derive the following very iini>urtanl law : 

In any induced current^ the E.M.F, at any innUmt m prn^nr- 

tional to the rapidity of the relative vhanfje at that instant. 

If, instead of bobbing the primary helix in and duI of tho sccoinlary 
helix, the former is allowed to remain stationary within thr latter, it is 
foQDd that making and breaking (Fig. 170) tlir primary cnrniit. /.'., 
starting and stopping a primary current, in<lurt*s ciirnMits in the mthii- 
dary w^ire. Indeed this process is evidently niucli the s:uni* thinir and 
in theory exactly the same thing), as moving; the primary conthictDr, 
with unbroken circuit, from an infinite ilistunce where its action 
would be zero, into the secondary circuit, tlie whole <'hani;e ocenpyiiiu: 
Every brief time. A reversal of tlie process wouUl evi<l<'ntly corre- 
spond to breaking the primary circuit. The results o))taine(l in I<]xp. 1, 
§197, enable ns at once to predict the direction of un induced current, 
and we may formalate the two cases thus : — 

(a) When the primary current is approarhnU or a rnrrcnt oriijhmttd in 
the primary circuit, the induced current futs an opptmite iUrvrtinn to that 
of the primary, 

(6) At a departure from the primary current, or it-hin a nirrcnt in a 
primary circuit ia stopped, the induced current has the same direction as 
the primary. 

§ 202. Bxtra ourrent. — The conclusions of the preceding 
section admit of an important extension. We learned that any 
electric or magnetic disturbance in the neighborhood of a con« 
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a evident that in a sioj 
[IS & neighboring condy 
; consequently there e 
n a wire without accoi 
i suddenly close 



L ductor gives rise to a current. But it 
I wire every portion must be considered 
I tor with respect to every other portion 

lo change of electrical condition 
l^lBnyiog induction phenomena. If w» 

Ktiie current does not abruptly assume its final intensity, becai 

I there is a curi-ent induced iu the same circuit whose direction 

ftsuch as to retard the change from zero. So, too, if a closi 

■ioircuit be suddenly broken, there is a. current induced in ti 

■direction of the primary current which retards the change ' 

. These induced currents are often, for the sake of d) 

■iynction, called extra cmTents. Of course, if all parts of the CO 

■ductor are kept close together by winding the wire into a hel 

|:or a spiral, the effect is much increased. It is evident that ti 

I direct extra current must produce a much greater effect thi 

Ithe indu^ct, because the former is added to the primary, whi 

wHie latter is subtracted. This is the cause of tlie bright sptu 

I on breaking a strong current, and also of physiolt^ical effec 

P. vr shocks experienced on breaking the primary circuit in tl 

experiment illustrated by Figure 170. If a soft iron core 

introduced into a heluc, the extra currents are vastly increasf 

J by the action of the magnetic changes. (Why?) 

^H g 203. Indnction ooils. — If a core of iron, or, still b 
^^u bundle of wires (A A, Fig. 171), is inserted in the ptim 
^^KGoil, it is evident that it will be magnetized and ( 
^^Beveiy time the primary is made and broken. The starting i 
^B%es8ation of Am[>6rian currents in the core in the same directio 
I as the primary- current, and simultaneous with the commeni 
ment and ending of the primary current, greatly intensifies t 
secondary current. To save the trouble of making aud breal; 
ing by hand, as in Figure 171, the core is also utilized in tib 
construction of an automatic makc-and-break piece. A ea 
, iron hammer b is connected with the steel spring c, whioli is i 
^v tnm connected with one of the terminals of the primary win 
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B hammer presaeB against the pniut of a screw d, and thus, ] 
*ferough tlie screw, closes the circuit. But when a current I 
passes through the primary wire, the core hecoines magnetized, . 
" laws the hammer away from the screw, and Ijreaks the circuit- 




pi <arcuit lirokeii, the core loses ite magnetism, and the hammer 

ings back and closes tlio circuit again. Thus tlie spring and 

' "hammer vibrate, and open and close the primary circuit with 

great rapidity. An instrumeut made on these principles 

ca lled an induction coil. 

^■B 204. Bhumkorff's coU.— This instmmeat has the impor- 
^^^t addition, to the parts already explained, of a eondeiiser BB. 
This consists of two sets of layers of tinfoil separated by paraf- 
fine paper ; the layers are connected alternately with one and 
the other pole of the battery, as the figure shows, so that they 
serve as a sort of expansion of the primary wire. When the 
circuit is broken, the extra cuiTent would jump across at 6, and 
would vaporize the points of contact, and form a bridge with the 
r of metal that would prolong the time of breaking. But, 
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when the oondenser is attodied, the extra corrsiit flndi m 
escape into it easier than to Jump across at 6, so the yaporiaiig 
of the contact is avoidedy and the time of breaking being mooh 
shortened, the secondary is nrach more int^ise. 

The primary helices of induction coils consist of compaiatfvelf 
few tarns of coarse insulated wire ; but the secondaiy helieei 
contain many turns of very fine wire, insulated with great case. 
The secondary current is, at breaking, as we ought to exgeA 
from the extreme rapidity with which the primary drctiit ii 
broken, distinguished from the primary, or galvanic current, bj 
its vastly g|^ter electro-motive force. A coil constructed ftr 
Mr. Spottiswoode of London has two hundred and ei^ty mikB 
of wire in its secondaiy coil. With five Grove cells this eo3 
gives a secondary spark forty-two inches long, and perfcnatw 
glass three inches thick. Many brilliant experiments maybe 
performed with these coils which will be indicated in con- 
nection with frictional machines. 



XXXIII. THERMO-ELECTRICITY. 

§ 205. So far in our experiments we have obtained a current 
of electricity by using the potential energy due to the chemical 
affinity of zinc and sulphuric acid, or by expending mechanical 
energy ; can we not also get a current directl}" from the molec- 
ular energy that we know as beat? 

Experiment. Insert in one screw cup of a sensitive galvanometar 
an iron wire, and In the other cup a copper, or, better, a German silver 
wire. Twist the other ends of the wire together, and heat them it 
their junction in a flame ; a deflection of the needle shows that a cia>- 
rent of electricity is traversing the wire. Place a piece of ice at their 
junction. A deflection in the opposite direction shows that a cuixeut 
now traverses the wire in the opposite direction. 

^ These currents are named, from their origin, thermO'electrie* 
The apparatus required for the generation of these currents is 
very simple, consisting merely of bars of two different metsb 



at one extremity, antl some means of raising or lowering 

' temperature at their junction, or of raising the temporatuK 

le eitremity of tlie pair and lowering it at tlie other ; for tba 

^tto-motive force, and consequently the strength of the cur- 

'i is nearly proportional to the diiference in temperature of 

* two extremities of the pair. The strength of the current is 

'0 dependent, as in the voltaic pair, ou the thermo-electro- 

*Uve force of the metals employed. The foilowiug therm<f 

:s is ao an'anged that if the temperatures of both 

re near the ordinary temperatures of the air. those 

's farthest removed from each other give the strongest cur- 

pt when combined ; and the current passes, when heated at 

k junction, from the one first named to that succeeding it. 

e arrows indicate tlie direction of the currcut at the heated 

d cold ends respectively. At high temperatures the current 

piy be reversed. 

^ CnM. 



§ 206. Thermo-eleotric batteries and thermo-pile.- 

Tbe electro- motive force of the thermo-electric pair is ver 

small in comparison with that of the voltaic pair ; pj^ j^j 

hence the greater necessity of combining a liigc 

numljer of paii-s with one another m series This 

is done on the same principle and ni the same 

manner, that rolt.iic pairs are united viz by join 

ing the -J-metal of one pau: to the —metal of an 

other. Figure 172 represents anoh an luauge 

ment. The light bars are bismuth and the laik 

ones antimony If the source of heat is strong 

and near, bj eLtht.r Londui-tion or convection one fiee may I 



iMicd omA kitter flm tt0 ott«t and a euml eqnal to M 
SB oidbuoj gdrwie eril ii oftaii obteined. IiiBtninnhi^ 
OB these pmcqilee, and oeed m a aoaree oC chfr* 
tiirilij* eve Teiy cowre al e Bt and eiUcl Dat ftir maaj pupoM, 
CBpcdaDTiriMD a etea^ eomBi ii nqnirad wi0k naell eitand 
.yenrtaa^; they are oBbdliefiao dmMe artJarta, 

If the eooree of keafc m foMkot Ortuit, llie fedble eninik 
vMkT serve to aMMsare tlie difllBraaoe of IwmpsfiUuB between ftt 
eads of llie bam tamed lowaid tlie heat (as in Figine ITS) 
and the other ends, whM are at the tempeiatare of die ak. 
The a^paratas, iriMBosed for dds poipooe, is oslled a fia«^ 
jniif « or a Ifcenao waWpfier, A ooniUnation of as msay at 
thirty-six psiis of antiiBOBj and bisamtii bars, eonneeled wtt 
a rery sensidTe galTanomrtor, e ua st iUi tes an oxoeediwgly deli- 
oste tkermoteope and IftenaosMler. QuntitMS of best, Alt 
would not peroqitibi J exfuuid the niwooiy in an osdinny thtf- 
inometier* can« by the use of a tii^rmo-electrie pile, be made to 
produce laige deflections of tlie gslTsnometer needle. Heat 
radiated fkom the lK>dy of an iosect severs! indies fkom the pile 
mav cause a sensible deflection. 
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XXirV. FRICTIONAL ELECTRICITy. 

Mechanical energy transformed into electrifl- 

— tlxpariment. Prepare an insulated stool (see $ 2H) by 

placing a square board on four dry and clean glass tumblers, used as 
legs. Let a person whom we will call John stand on Ihls stool, and 
second person, 



rig- r 



James, strike Jolm 
few times with a cat's 
fur. Then let James 
bring a knuckle of a 
finger near lo some part 
of John's person, for 
Instance a knuckle of 
his hand, or liiti otiin or 
nose ; an clcttric spark 
will pass between the 
two, and botli will expe- 
rience a slight shock. 
The lengtli of Uie spark 
shows that the electri- 
city is nrged by a high 
E.M.F., like the induced 
correntii uf the magneto- 

Ab mt'chanieal energy ia traiiaformeil into a kiucl of molecular 
motion, or internal unergj', called heat, when one hammers an 
anvil, su ia thia ease a portion of the motion of th« fiir at each 
stroke is transformed into another phase of internal energy 
known as eledriJiccUion. Electricity made apparent in this 
manner is called frktional electricity, because it is ^ig. vji. 
frequently developed by friction between two surfaces, 

^206. Blectroseope. — Bxperinient. Suspend in 
a loop, tied lu a white sillt thread, a strip oC gold foil 30™ 
long and I6'">" wide, so that the two vertical portions raay 
be near each other. After John has been struck a few ' 
times with the fnr, let Idm bring a finger gradually near the upper ex- 
tremity of the foil; the two portions of the foil gradually dhergc, 
(*S In Figure Mi, iadicatiag the presence of an imusual force In his body. 
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We have already fimndt tiiat lUa fotoe ii due to 
Bodies in this state aie said to be dhaigisfl with deebkllj, 
simply deetr^/led. Sodi deetriftoatton in a penoii ii 
manifested by a di f ei ge u ce of hair oa Ma bead. Aaj 
rangement, Iflre tliat of flie Ibfl Juat deaoribed, intendeA 
detect the presence of dectrillcation, ia called an afaofrowfl* • 
One of the most common and naeftd eleotvoaoopss 
of one or two pith-balls, made ftom tiia pilb of elder « 
sunflower, suspended by silk tlnesd. If an dectiosocqpe Ii 
brought near to either pole of a aeeondaij wire of an indnflBc 
coil, k similar electriiicalioo la nuurifeated by tiie poles. JJBa^ 
wise, by means of yeiy deHcate cbotroecopea, Hie pdhs of ft 
galvanic batter)*, or of a tlienno-b«tteiy, are found to be toMl 
electrified. 
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200l Attraotlona and r^pinlirinna> — K^periawt l. Poiw 
a flat wooden nder on an inverted botfle or flask* having a round bot 
torn, as in Figure 175. Draw a rubber comb two <Hr three timeathroii|jh 

your hair, or rub it witha woolen doOi 
and plape it near one end of the roler; 
instantly the ruler moves toward the 
comb. 

Experiment 2. Hold the comb over 
a handful of bits of tissue paper; the 
papers quickly jump to the comb, stick 
to it for an instant, and then leap ene^ 
getically from the comb. The papers 
are first attracted to the comb, but in 
a short time acquire some of its electri- 
flcation, and then are repeUed. 

§ 210. Two states of electri- 
city. — It is quite apparent that we are now dealing witii a very 
different class of electrical phenomena from any that we have 
previously observed. It is also quite as obvious that we are 
dealing with electricity in a verj' different state or condition 
from that in which we have before studied it. Hitherto we 
have studied only those phenomena produced by electricity 




TWO STATES OF ELECTRICITY. 

*h«n in motion ; and, inasmuch ns wlicn in that stato its energy 
* expended iu work, or transformed into some otlicr form of 
rapidlj- as it la generated, tiiere was no such thing 
1 accwmulation of electricity. In our late experiments 
■e is wanting anything like a current ; but, on the otlier b&aAf 
lefind that clecti'icity in this new Btate may accumulate, 
p>red up, and remain in a quiescent st.ite for an indeflnita 
In the latter state it is incapable of affecting a magnetifl 
;, magnetizing, generating heat, illuminating, producing 
X>mpoeition, or giving shocks. But in this state of appar- 
t repose it may attract and afterwards repel light bodies in 
the vicinity of the body in which it resides. These attrac- 
tions and repulsions are quite distinct (torn the attractions an^ 
repulsions which occur between parallel currents. 
~ This state of electricity is called stadc, in distinction from the 
jnt state, which is often called dynainic. We have seen 
lat, under certain conditions, electricity may change ii'om one 
state to the other, as when the electricity which had accumij- 
lated in the boy on the insulated stool passed to the other boy, 
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Fig. 170. 



producing, in its current 
!, both illuminating and 
lyaiologieal effects ; and 
when a ciurcnt is 
iroken, the current ceases, 
but electricity accumulates 
in the wire (see §208). We 
have also learned that elec- 
tricity of high potential, 
snch as is most readilj' de- 
veloped by friction, exhib- 

itB the static pbeuomena, i.e., nttmctions and repulsii 
strikingly ; liut we must be carefiil to avoid the notiotf^ thi 
are peculiai" to electricity ao derived. 
§ 211. Two kinds of eleotriflcation. ^Experiment 1, Bei 
glass tube Into the form represented by A, Figure 176, and Insi 
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oneendinablockof woo4BforalEMM; md mqiieiidfraaitliai 
plth-4Mai C by a Bilk threikU Rob a i^iM rod D with a tSSk 
chief, and present It to the ball; attraction at flnt ocean, folknnil 
repulsion after contact. Now nib a sttek of aeaUqg^wax, or' a 
mbber ruler, with flannel, and present It to the ball, whteh Is la a eoi^ . 
ditlon snch that It Is repelled hj tiie eleetrlfled i^aas \ It is attiaefeBlIf 
the electrifled sealing-wax. We are led to snapect that the mhf 

wax possesses a dlflbrent klad of dedil^ 
ficatlon from that of tiie gltss. Lrt* 
ftother test the matter. 

Kzperlment 2. Suspend two jglMl. 
rods that have each been nibbed ivUk 
silk In two wire stlrmps (lig. 177), tfl 
present them to each other ;' they npd 
one another. Suspend two sticks of 
sealing-wax that have been nibbed witt 
flannel tn the same manner; the sum 
result follows. Now, in a like manner, present one of the glaw rods 
and one of the sticks of sealing-wax to each othw; they attrscfc ew 
another. 

Fig. 178. Experiment 8. Make a pin 

hole in each end of a hen's egg< 
and blow its liquid contents oat 
Apply, with flour paste, tinfoil 
smoothly to the surface of the 
shell, and completely cover it 
With a drop of melted sealing-wax 
attach one end of a silk thread 
midway between the ends of the 
shell, so that it may be suspended, 
as in Figure 178. Repeat the last 
two experiments with the shell as 
with the pith-ball ; you obtain simi- 
lar results. 

It is evident (1) that there 
are two kinds or conditions of 
electrification; or, for conven- 
ience, we sometimes say ttoo kinds of electricity; (2) that they 
are so related to each other that like kinds repel and. unlike kinds 
attract one another. The two kinds are usually distmguished 
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e another by tlie names jmsUive and negative, ur, more 
as +e ami —e. The former is, by deflnition, suoli ax 
developed ou glass when nibbed wilb silk, aud the latter is 
I developed on aeidin^-was wheu nibbed witb Hunnel. 
, no reason, except custom, for falling tlie one [Mjsitive 
T than the other. 

ment 4. Once more electrliy a fitiefe of sealing-was with a 

(1 present it to the ball or shell, and after the bull is repelled, 

9 surface iif the flannel wlilch had electrified the rod near the 

11 is attracted by it, sliowing that the rubber Is also electri- 

i with the opposite kind to that whieh the sealing-wax pos- 

(Which Mnd of electrification lia.* the flannel?) 




One kind of electrification is never developed alone ; when two 

Bubatances are nibbed together, lioth always become oppositely 

electrified, and to au equal amonnt. In general, wTienever any 

electricity of either si^w m developed, an equal quantity of the 

f other in to be found. (Ascertain the kind of electrification de- 

" loped on a rnbbor comb when it is passed through the hair 

the kind developed on a person when whipped with fur, by 
resenting the bodies whose electrification is to bo tested to a 

Irllody having a known electrification.) 

1 ai ? Induction. — Experiment. Suspend two egg-sliells, pre- 
d as above, so as to touch one another, end to end, as in Fi^'iirc ITil. 



BCTRICITT ASD MAGKETISH. 

Brltig ni-ar tn one tnd of the shells, but not totoor-b. > sealing-numl 
excited wltb flannel, and thencfore baring —t, WMle the rodiiinl^ 
pOfllMon, caiTf a thin strip of tb^ue (aper, or a plttt-hall sospeadcdb; 
ft allk tlircad, iilung tlie eggs. The paper is attracted most ?tron^if>> 
the mils ; tiut 111 the middle, wtiert tlie shells arc In cootaci, Ibert b 
ver>' llltic I'ii'ctrtfleatlou. Separate B fh>m A about 10™. nhlle Ibeml 
Dlt> -li!) ill poHitian. Then place D mldws; between AandB; Uicnxl 
W[H'I< U uiid attracts A. It appears that when the two sbclb toneiisi 
one fliiotlier, Iticreby conatitoting practically one body, that the shelb 
were o|)posltely electrlfled, as represented by the ^gns + and - 
diagram ; and when tUc two boa eparoled. they retuned licit 

oppoiltu cbnrgea. 

We leani from this exper lat by inAwiioTt wp mBy 

chargu jit tlie eunie time two b ae with +e, and theoth« 

Wlttl -('. 

5 213. Discharge. —Experii Bring the two sheU.»oppt" 

iitel.i- tl.ai'Ktd near one aiicitlier: near enough they eiifcil 

mutual attractiuu fur one another. bringing them still netuvr, 

spark paiaea between then), their mutoal attraction suddenly ceaseS: 
and on tCBtlng thorn with on electroscope, It is found that both la™ ■ 
lost their eleclrlH cation, f.K., both have become diithnrijitd.. I 

Wlifn ivm hodk» mnfaining equal ammintrt nf oppo.iile eki^"- \ 
firies ftiv browfjkt together, both become discharged. Dq^bS 
tlic profess of dischnrge, the electricity which was previously '" 
n coiulition of rest, or a static state, assumes a conditioD ot 
motion, or a dynamic state, as is shown by a spark passing 
lictwecii t)ic two lK)diG8 when brought near one another. One 
of the hodicB — that positively charged — is at a potential higher 
than that of the earth, the other being lower. When they are 
brouglit sufficiently near, the tendency for the electricity to pas* 
from tlio region of higher potential becomes strong enough W 
penetrate tlie insulating air and establish a condition of equili' 
briiim. In this particular case the result is zero potential or 
no clertrification ; but in general both bodies would be left at a 
like condition of electrification, its sign depending upon the 
sign of that electricity which was in excess. 

We may now understand how it is that an electrified body 



^^Rracts to itself light bodies in its viritiitv. For oxmnple, a 
^Hp<A of sealing-wax, escit«d with — e, brought uear a pith ball, 
^Bldiices +e next itself, and repels —e to its fai'thcat side ; thcD, 
^Ht conrse, attraction follows. There is the same attraction be- 
^Bveen heavy bodies, but usually not sutllcieat to produce motion. 

^B S214. Insulation, — Kxperlment. Bring again the electrified seal- 
^Bttt-wu Qcar one end or one of tlic xhcUs ; the shell becomes polniiicd, 
^Bpatlg, the oppiisiti: i^nds tjucome opposltelf elcctrllled. Touch the sheQ 
^^Ptththe Soger. Through your bod; the Degatlve charge Is drive 
^^pB earth, while the positive cbai^c remains In proximit; to the rod. 
^HpipUin.) Bemove the flnger, and afterwards remove the rod^ 
^Pusbell, and you will Qnd tliat it la charged with electricity. (Is It' 
^F** <•'+«') Touch this shell with the other shell, then separate them, 
HJ^ them, and you Hnd that they have the same kind of eleetriflcatloiu. 
Bit is evident that the ilrst shell became electrllicd by iadjtctlon and the 
^Hk shell by cunilucffon. Touch with the flngcr one of the shells; tt 
^Ht« its electriS cation. 

^B^hen you touch the shell with your fiuger, the electric chai^ 
^■fffiseB itself through your body and the earth. It is evident 
^■Rt the electricity could not traverse the silk thread, otherwise 
^^ could not have charged the sliell. Substances which do not 
4llow electricity to pass readily through them are called ; 
f^onductors or insulators. A bodj' that is to receive a pei-raanent 
charge of electricity must he insulated, i.e., have ,no connection 
with the earth through a conducting substance. Some of tha 
beat insulating substauees are dry air, ebonite, shellac, rei 
glaas (free from lead, «.(?., common bottle glass), silks, and 
furs. In experiments with electricity in the statical state, the 
E. M. F. is in general so much greater than when a galvanic 
battery is the source of electricity, that substances — such as dry 
[wood, for instance — which are practically good insulators in 
se are not bo regarded in the former. Moisture inju 
J insulation of bodies : bence experiments succeed best 
, cold days of winter, when moisture of the air is least liable 
e condensed on the surfaces of apparatus, especially if it it 
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i 21& Blectriflcaticm ooofined to the external surface, 

' Ex pf rlmmt 1. Place ■ tin fruit-can on a clean, ilry glajis lambttf 

;. ISO J. Fasten a. circular di«k a of tin 15™= in diameter to aot enfl 

. ^ rod of sealiog-wai. Charge the can heavilr with electricity ftom 

ma electrical machine (see p. 215). Throosh an orifice c In Ihe CM 

fintrodacc the dl^k, and toach the interior smfkcc of llu 
can. Withdraw the disk, and present it to an electroscope. 
Q It .shows Do electriflcation. Now toach the exterior sur- 
I face of tlie can with the disk, and present it to the electro- 
I scope; It U found to be electrilled. 
I Kxperln — i Attach lo the can a gold foil, or doable 

p pith-ball electroscope, and pot into the can a few feet of 
metal chaic. Fasten the outer end to a rod of glass, or 
some other ln»uUtor, and charge the can till the lenTes of the electro- 
scope diverge widely. Then draw np the chain by the glass rod; thfi 
leaves come together somewhat. Drop the clialu Into the out; the 
leaves separate agolo, showlug that the charge hod not been lost. 

These espertmeots show (1) that do electiicity can be found \ 
inside of a hollow- chatted body ; or, roughly stated, dectricilij 
at rest resides on the eJierior surfaces of bodies; (2) chat 
tvheii the exterior surface of tin elecirifind body is increased witt- 
out increasing its mass or the charge, the amount of electricity ot 
any point is diminished. 

5 216. Electrical potential. — "We have seen that the 
passage of electricity from point to point sometimes causes s 
spark ; so, conversely, the spark indicates the passive of elec- 
tricity. The passage of a current fVom one shell to the other 
(Fig. 179) might be proved, and its direction determined, bj 
connecting the shells by wires joined to a suitable galvanome- 
ter. The cun'ent would flow from A chained with +e, to B 
chained with — e, thus showing that A had a higher potential 
than B. A body charged with -j-e is understood to be one that 
has a higher potential than that of the earth, and a body 
charged with —e is one that has a lower potential than that 
of the earth, the potential of the earth being regarded for ocat 
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, very sensitive electroscope it can bn shown that the 
) connected with the plates of a galvanic battery are at 
t potentials when the circuit is broken. Bnt the differ- 
e of potential is ao small, compared with the difference pro- 
duced lay friction, that a thousand gravity cells in series give 
a spark only about ^^ of an inch long. 

S 217. If, then, for any purpose we wish electricity of high 
potential, we must use an enormoua number of cells, an induc- 
tion coil, or, more cheaply aad eonvenientlj', an electrical 
machine depending either oq friction or on the induction of a 
chaise of electricity. Brief descriptions of a few machines will 
now be given, followed by a series of experiments that may be 
performed with them. 

Tig. 181. 



XSXV. ELECTRICAL MACHINES. — CONB EN SEES, ETC, 




|6 bLtXTBICITY AKD UAGNETI8M. 

WhcD the plat« is turned in the direction indicated bjllu 
UTow, it passes between the mbbers. and the friction genenta 
+e oil Uio plate and ~e ou the mbbcr. The electrified pMtiM 
the plat« then passing ihi-ongh the silk bag comes oppoaU 
tbe comb, wUen it polarizes the prime conductur. iLttractiog -i 
Wirt repelling +e. But the —e escajies from the iwints of Ite 
oomb (see § 23C) to the plate and nt- utralizes the +e gf tLc pltttei 
uid thereby leaves the conductor i-bai^ed with +e. If bo& con- 
ductors are insnlatetl at the same time, the mutual attractiomlt 
the two kinds of electricity would prevent their becoming heavily 
charged, so one of the mb- 
ductors is always connected to 
earth by a chain. If +« 
wanted, A is insulated ) if - 
is wanted, B is insulated. 

5 219. Electropborua. - 

Kiperlinent. On a circular tUsH ■ 

iif sheet-iron ortm2C™ii 

tcr cement a circular disk of vul- 

22™ io diameter. To Hie 

center of another citat 

lar disk of tin 18™ IB 

diameter (Fig. 183) f»- 

ply with heat oae end oi 

a stick of sealing-*** 

forahaudle. StribelM 

eurracc of the vulcadU 

a few times with a cart 

fur or a fox-tail; itvrf 

become electrified h 

— c. Tlieu place the tl 

disl( on the vulcauitQ! 

— e of llie viilqanito w 

Iiolarlzf the disk, IndoC 

iiig +e ou ltd lowers 

latu 3 fliiger ou the ilUk. ■ 

earth, hut the +e will rem 
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on the disk, hound by the — « of the vulcanite. Finally. raUc tin* iINk 
bj its insulating handle. Removed IVom the influence of thf — ^ on tho 
rulcanite, the +e of the disk is now free, and if a knuckle of one of 
your hands (Fig. 183) is brought near it. a bright spark will puss from 
it to your hand, and it will become discharged. 

The disk may be charged and discharged in the same manner a ^eat 
number of times without again whipping the vulcanite with the fur. 
A Leydcu jar (page 250) may l>e chargeil with this apparatu.s in u few 
minutes. (Is the disk charged by conduction or induction? What an* 
the proofs?) 

§ 220. Gontinuous electrophonis. — Viirious nu^tluxls 
have been adopted for developing olootricity ooiitinnou.sly fnun 
the electrophonis, and more fik. ih4. 

rapidly and with less manipu- 
lation than can be done with 
the apparatus above described. 
Figure 184, from which the 
supporting parts are omitted 
for the sake of simplicity, will 
serve to illustrate the general 
principle of such machines. 

A is a vulcanite or glass 
wheel, which can be rotated by moans of a system of wheols 
CC. About 2"° back of A is a vulcanite sector I), which servos 
as an inducer, or the same purpose as the vulcanite disk of tho 
electrophonis. Opposite D and in front of A is a metallic comb 
B, which is connected with the conductor N. Let —e be ex- 
cited on D with a cat-skin. Then the conducting system N B 
will be polarized by its influence ; —e will be driven to its 
farthest extremity N, and +e drawn to the points of the comb 
B. Then, since electricity escapes readily from points, the 
+e will leap from B to A, drawn off from the points by the 
—6 of D. But vulcanite being a non-conductor, only that 
portion of the surface of A will be charged with +e that is 
directly opposite the comb B. The conductor BN, being de- 
prived of its +e, is left charged with free — e. Now, rotate the 
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disk A- When it has accomplished lialf n revolution, that p 
tion of it which is charged with +e comes opposite anotl 
comb B', which is also coniiected with a conductor P. The o 
dnetor B'P becomes polarized. Its —e passes off from i 
pointe of B' to the disk A, and discbarges the +e on this d 
while the conductor PB' is left charged with free +e. 1 
evident that a constant rotation of A wonid c.inse it to be i 
stantly charged witli +e at its lower port bj the influence of j 
sector D, and constantly discharged at its upper part, while 1 
conductor B N is constantly receiving a charge of — e in 
quence of the loss of its +e ; and for a similar reason tl 
dnetor BT ii 
stantly receiving 
charge of +e. 
a rapid rotation 
the disk the two c 
doctors will be 
rapidly and big 
clectiified, the 
with— e undtheot 
with +e, that un{ 
tiie influence of th 
mutual atti-aetion 
moataniiicesBantfl< 
of sparks will ; 
between them, i 
when the extremiti 
P and N, are sevi 
iiiclios apart. 

S 221. Carre e 

chine. ^ — The sector D is liable to lose ita charge sudden 
and loses it very quickly after the operation of the m 
ceases ; so that, to begin :^ain, it is necessary to rechar 
sector. In the Cari'^- machine thiy ditllculty is avoided. 




CONDBNS&fi. 

k circular plate or glass A, which serves as the ludiicer, 

n leather cushions B, as it is rotated by means of the crank' 
ttaid tbvs hj friction, occasioned by rubbing against the cnHhiona, thO' 
i is kept conatantlj and highly electrified during the operation of 
I machine. By means of a system of pulleys, motion Is communl' 
d from the shaft of the plate A to the shaft of an ebonite disk D. 
|e gloss plate A becomes electrified with +e. The method by which ths 
e D and the conductors F and E become charged Is like that of ths 
Jiine last described. (Esplaiu.) The cylinder E, called the prim* 
I iitrge area, and is therefore capable ot rccelvliig a 
;e charge. The conductor F is so jointed at N that it may be brought 
ir carried away from E. During operation the condnctorF should 
■-connected by a chain, or other good conductor, with the earth. 
a In operation, if F Is brought within two or three inches of 
S3 will pass between them so rapidly as to present the appearance 
ft constant and continnous line of light. If F is removed to quite a 
i tram E, the charge will so accumulate in E that sparks flvo. 
or six inches in length may be drawn (torn it with the fist. 
Leyden jar (§ 233) is suspended by its knob from the loop G, and its 
outside coating connected with F, the discharge will become so Intense 

Eto produce a report nearly as loud as that of a pistol. 
§ 222. Condenser. —A very important adjunct to an elec- 
cal machine is a condewier of some kind, by means of wliicli 
a lai^e quantity can be collected on a small surface. 

Experiment. Let a person stand on an insulated stool (p. 237), and 
one liand on the prime condactor of a machine. Let the other 
hand press against a plate of glass or dii^k of vulcanite, held 
hand of a second person standing on the floor. After a few turna 
the machine, let the hand that has been on the prime conductor 
grasp the free hand of the second person. Quite a shock will be felt 
by both. Or the connection may be made through a group of persona 
having hold of one another's hands, when the whole company may 
JVC a shock. 
It is evident that by this process an unusual qaantity of elec- 
:ity had collected previous to the discharge. The explanatioii 
simple. The hand of the first person, charged with +e, acta' 
by induction tlirough the glass upon the second person, attract- 
jjur — ^ to the suilace of the gloss with which his haud is in 
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contact, and repelling +6 to the earth. Thus, through their 
mutual attraction, the two kinds of electricity become, as it 
were, heaped up opposite each other, and yet are prevented, by 
the insulating glass, from uniting. 

§ 223. Leyden jar. — The most convenient form of con- 
denser is the Leyden jar. Coat a green glass quart 
fruit-jar (Fig. 186), within and without, for about 
two- thirds its hight, with tin foil, using flour paste. 
Close the mouth with a cork saturated with hot 
paraffine. Through the cork pass a stout brass wire 
till it touches the inner foil. Cast a lead bullet a on 
the exposed end of the wire. Clean, warm, and var- 
nish the exposed glass surface of the jar, and when thorouglily 
di*y it is ready for use. 

The jar may be charged by connecting one of its coatings 

with the 4- conductor, and the other with the —conductor of an 

electrical machine, or by connecting one of the coatings with 

Fig. 187. one of the conductors, and the other with 

the earth. Or it may be charged by con- 
necting the outside coating with one of the 
poles of the secondary coil of an induction 
coil, and bringing the other pole near to the 
ball leading from the inner coating. To 
discharge the jar, connect the outer coating 
with the knob of the jar. To avoid a shock in so doing, prepare 
a discharger as follows: Through the cork of a bottle (e.gr., a 
soda-water bottle, Figure 187) pass a stout brass semicircular 
wire. Cast on each of its ends a lead bullet. Use the bottle 
as an insulating handle. 

The effects are greater in proportion to the number and size 
of the jars in electrical connection. Let an}- number of jars 
(Fig. 188) be placed on a sheet of tin foil, by which their 
outer coatings are connected. Connect also their inner coat- 
ings with one another by a wire running around their projecting 
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The several jars are by this meuna practically converted 
to one large jar. This combination of jars is called a Leyden 
A strip of gold leaf placed on the gines slip a may 
i fused, and even volatilized, by a batteiy discharge passed 
rough it ; cards and slips of glass may be perforated, and 
s or ether ignited. 

■S 224. Electricity not in tlie coatings. — If the two per- 

s in tbe experiment (p. M'J) botli remove their hands from 
g glass plate, after they have been charged, and grasp one 
i hands, they pxperience little w no shock. But if they 




replace their hauda on the glass, and grasp one another's hands, 
they receive a shock. This shows that electricity was not on I 
their bodies, but on the surface of the glass. The coatings of a ] 
Leyden jar serve tlie purijosc of conductors to spread eleetriciiy i 
on the glass at the time of charging, and to allow its escape ' 
Lfrom all parte of its electrifled surface at the time of a discharge. 

QUESTIONS. 
An insiilatei) jar cannot receive a great charge. Why? 
If points are attached to the outer coating of an insulated ju 
g receive a much larger eliarge. Whj-? 
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a. If the aiK^vf «)«Miid Jar be held near Uie outer CMUt)g»f Hi 
losiilatrd ]ftr. sparks will piu« from tba coating to the ia^b, andlnAV 
)kr« will be chained. Sappose tbai the inner coMing of the Brst juli I 
clurgci] witli -i-f. what kind ot eleetrEcttj- will each of Clie oQiei coO- 1 

S 225. Attractions and repolsions. — liixprriiaFDi 
port a iilttlc or window glass (Fig. l^j aboat 5™ Aumatable. HublM 
^_^ ,^ npper surface with a silk hsnilketciiieJ, 

. aiid place pith-baJIs. or bits of tissue pipei. 
4'' ^/^^ •*^' .'^^^ * •eneath the ^ass. Tbejaifl 

dowu between the pUte ind 
» ily manner. (Explatu.l 
Expertment 2. Place a bnndful of of tisane paper on a ttn disl; 

mpporlud by a prime coQiIuctur of au eiectrical macliliie. The papen 
become excited, are repelled into llie air, and fUl on all sides, girins 
the appearance of a miniature aoow-storm. 

Experiment 8, Applf one end of a dlschai^er to the conductor of 
B machine, autl tlic c)ther end to the inner surface of a glass tumbler, 
Bnd charge the Interior with electricitj, and theu place it over some 1 
pith-balls, or Images cut from pith; a ludicrous dance will be keptqi I 
for several minutes. I 

The electric tchlrl consists of a cap of metal resliug upon » 
pointed wire, wliieh serves as a pivot. The cap lias pointed 
wires lirnnching out from it, like the spokes of a 
.— . — '~y wheel, and bent uear their ends at right angles, 
^"""^y^^—^ '>"<! '''I turned in the same direction, as shown in 
^^ >-' Figure 190. When this apparatus is placed upon 
the conductor of a machine, the air particles 
aronnd the highly electrified points become ex- 
cited, and are repelled, producing a current of air ' 
issuing from the points. The reaction causes 
the wheel to revolve in the opposite direction, as indicated by 
the arrows in the figure. A candle Same placed near the point 
of a i-od attached to a conductor will be extinguished. 

§ 22& Effect of points. — We might reasonably expect 
that a current of excited air-particles issuing ft-om points on 
"'1 excited conductor would serve to carry away with them elec- 
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1 otbpr wonlfi. to discharge it. Do 



teity from the conductor ; 
tliej produce tliia result? 

Experiment. While the electrical maehiae Is in operation, hold 
your knuckle near the conductor; & tsuccesslon of spurlcii will pass 
rrom the conductor to joar haud. Now place several potato ou the 
couductor. aud again present your knuckle us heforp ; either no apHrks 



will pass to your kDuckle, or, at most, i 
seconds after the operation of gener- 
ating electricity ceases, the conductor 
will he found completely discharged, 
although it Is thoroughly insulated. It 
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Beautiful lominous effects may be produced with apparatus 
arranged as follows : Apply to one surface of a mica disk {Fig. 
192), about 15 X 10™, a sheet of silver leaf or tin foil, 8 y. 
Place two pointed poles of an ioduetorium, or & Carrd macbiue, 
within 1"" of the foil, and as far apart as the power of the 
machine will admit. Sparks will leap from the poles to the foil, 
Mtd travel iu tortuous brniichiug liucs between tlic jiules. 
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If air is partially exhausted from tho gloss tube used in 
rating the law of falling bodies (Fig. 87, page lOG), and th 
a coil or machine are applied to the opposite extremi 
a of the tube, sparks of electricity passing through the rarefisi 
■ spread out iu Bheeta of bluish white light rceemblin 

1 lights, hence this tube has received the name Aurora 




If a circular disk is divided into black and white sectors, i 
Kin Figure 193, and rotated very rapidly in oi-dinary daylight 
I the colors blend, and the disk appears of a uniform gray color. 
But if the disk ia iUuraioated in ; 
darkened room by the electric sparJc 
each sector appears separate, and t 
disk appears to be at rest. A raii 
road train in rapi<l motion, and t 
its wheels, appear to be at rest wUei 
illuminated on a dark night by a fii 
of lightning. This shows that ■ 
duration of an electric spark must b< 
\Try brief, inasmuch as it fails 1 
illuminate these objects in two successive positions. 

The remarkable beauty and brilliancy of the discharge i 
perhaps beat exhibited by means of the well known Geisder'. 

t tubes. These tubes contain highly rarefied vapors and gasea 
various kinds. Platinum wires are sealed into the glass at ead 
«nd to conduct the electric current through the glass. 
light, instead of appearing, as iu the Ain'ora tube, liko a streaiQ 




LIGHTNING. 



Pouring from iwlo to pole, is often striat^Hl or divided trans- 
^"eruelj- into himinous sections, with alteraatiitg darker sections, 
'la biiown in Figure 194. These etrue vary iu shape and coloi' 



# # # 



with tliu degree of the vucuiim. and the kind of gas or vajwr 
through which the discharge passes. E.\periments with these 
tubes succeed best when used with the indneCion coil. 



§ 228. Lightning. — ^ Certain clouds whicli liave formed verj- 
rapidly are higlilj chained with electricity, usually [jositively 
charged. The surface of the earth and objects thereon imme- 
diately beneath the cloud are charged inductively with the 
opposite kind of electricity. The cloud and the eartli corre- 
sjwnd to the coatings, and the intervening air to the glass of a 
huge Lejden jar. The charge in the earth and that in the clond 
hold one another prisoner by their mutual attraction, until, as 
the charges accumulate, the attraction becomes great enough to 
overcome the resistance of the intervening air, when a discharge 
takes place. It is the accumulation of induced electricity on 
elevated objects, such as buildings and trees, that offers an 
attraction for the opposite electricity of the cloud, and rendei'p 
them especially liable to be struck by lightning. 



§ 229. Lightning-rods. — The flash will pass along the line 
of least resistance. A good lightning conductor offers a peace- 
ful means of eomraunication between the earth and a cloud ; it 
leads the electricity of the earth gently up toward the cloud, 
and allows it to combine with its opposite without diaturbauce, 
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there1>y so far'discbnrg'mg the doiid as to prevent 
stroke ; or, if the tensioD 19 too great to be thus quietly ' 
of, the flash strikes dowuward, and is led harmlessly 
earth by the conductor. An iU constnicted lightn 
be worse tliaii iiojie. A good ixhI should he made of good con- 
ducting material, eo large that it will not be mclt^Ml, and frte 
fi-oiii loose joints. The lower end should be buried in eani 
tlmt is alwa,^'s moist, and tlie upper end should terminate in 
several sharp jwiutij. 

§ 230. General observations. — Although the E. M. F. 
of the frictional machine is enormous, still, the current which 
it ean produce is always small on account of its very great 
interual resistance. That this resistance must be almost im- 
meaauralily greatei' than that of any galvauie battery is evideal 
when we consider that a part of the circuit is always throogb 
the air, for instance in the plate machine, that part between 
tlie plate and the comb. Any source of electricity that eannol 
yield a strong cuiTent is, ordinarily, of little value, inasmuch &a 
the amount of work that can be done by electricity is proper- 
tioniii to llie square of the strength of the current. The fric- 
tional machine is, therefore, of little practical value, escept a« 
a source of amusement, and a convenient means of investiga- 
ting a certain claas of electrical phenomena. 

By an iageuious application of the principle illustrated by the 
disk of black aud whitfi sectors (Fig. 193), it has been ascer- 
tained that the duration of tlie spark is often times less tbau 
the millionth part of a second, and the velocity of the electric 
diseharge ft'om a Leyden jar through a short, thick copper wire 
is 280,000 miles in a second. 

.The pJienomena of electricity in a statical state are limited 
to\ those of attractions and repuisions. Heating, luminous, 
fiwgnelic, physiological, diemical, and mechanical efficts can be 
produced by electricity in the dynamical state only. In the 
former state it seek* the surface ; in the latter it travels 
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through the bodi/. SliUical and dynamit:al pfienomena ore 
rarely coexistent. Oite must cease before Ike , Alter beghin. 

Much is known of electricity, its naUire^ta laws, and its 
capacity for woik ; much remaina to be learned. Tlie question, 
Wliat 18 eleiUridty? ia so far nnanswered. But we may reason 
as follows conceraiiig it, nml the conclusion answers all practi- 
cal purposes. For example, the energy of the chemical combi- 
nutiou of coal and osj'gen iu the furnace is transformed into 
heat, heat works an engine, the engine rotates a coil of wire in a 
magnetic field, the motion of this coil in the vicinity of a magnet 
induces cuiTents of electricity in the wire, these currents pro- 
duce an are, and thereby heat and light. So tlie enei^ of the 
coal is transformed into heat and light, through the mtermediate 
agency of electricity. Hence, it is certain that this intermediate 
agency, this so-called electricity, whatever it ia, nta^ receive and 

eft energy. 
t33_ Transformation of energy. — We have found that 
coTitrivdaee fur the (le-eelopmenl of derirlrity is sinyj/y a 
machine for the transforuiatiou of some other form, of energy 
hdo electric energy. In the voltaic battery the chemical poten- 
tial eneiwy of the comliustibles is ti-ansformed into the kinetic 
energy of the electric current. With the magneto and frictional 
machines, mechanical enei-gy is transformed into electric energy. 
In the thermopile, heat is changed directly into electric energy. 
By means of an induction coil, a strong current of small E.M.F. 
is transformed into a momentary weak current of great E.M.F. 
The kinetic or current form of electricity may, under suitable 
conditions, be converted into the potential or static state, and 
vic« versa. Not only are these various forms of enei^ trans- 
formable into electric energy, hut electric enet^y may be changed 
into any one of these. Thus electric energy may be transformed 
iuto heat, magnetism, light, chemical action, and mechanical 
motion. These forms of energy are all interohangeable ; as in 
,, all known forms of energy are mutually couvertiljlc. 
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IXBICITl' AND MAGSETISM. 

EXERCISES. 
K applied to a mass of soap habbles. BUcdmihi 
nU hydrogeu gases generated by a ^vautp tanwtt, 
I evpKiHloQ. CommeQcing ivilh tlie bulterf, jialr 
of ciiprgy, in order, to tlie fiual resnlt. 
■ a galvunoineter connected with a thermopile is 
e iraDsformatious of energy coucemed. 
le and a dynamo machiuo Oiriiish on electric ll^ht 



rgy necessary. 
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3 232. Medical ana »uj 
an induction coil liavc grcO r 
and BO can pase tlu'ougL tno p 
human body and produce violeu. 
rents induced by a single voltaic c> 
an induction coil, 
taic current has t 
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rationB. ^Current* fnai 
like frictiona) electricity, 
X)nducting tissues of tha 
cular couti-actions. Cur- 
through the mediation of 
prodnce agonizing ooai-ulsiona. A voi- 
ar effect at the instants of making ami 
hrcakinf; the circuit (why?); but by beginuiug with a mild cur- 
rent, and slowly and gradually increasing its strength, a curreat 
from two hundred cells has been passed through a pei-son m& 
impunity. (Kxphiiii.) The physiological effect produced by an 
induced current at its negative pole is more violent than at the 
l>ositi\e pole. 111 tiiia way we may I'cadQy distinguish one pole 
froui the other by simply holding one in each hand. The grad- 
ual ciirifnt ])ro<luce3 a benumbing influence, or insensibility to 
[)aiu. A to-aud-fi-o motion of the current produces a muscular 
Imitation of tlio part througli which it is sent, the tonic and 
stimulating effects of which arc similar to those of muscular 
exercise. The galvanic current also cscrts a |>owerful elec- 
trolytic effect on the system. On this principle it has been 
successfully employed in redncing tumore, etc, 

A platinum wire heated by a giUvanic current ia used like a 
knife in sui^ical operations. The foi-mcr has the advantage 
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>"ver the latter in that it sears the extremities of the blood ves- 
*^ls and thereby prevents hemorrhage. Enough has been said 
tio show that a medical practitioner who can apply the laws of 
electricity has at his command a powerful therapeutic agent ; 
L>ut except in experienced hands it is likely to prove useless, if 
laot positively dangerous. 

§ 233. Electric light. — If the terminals of wires from a 
X)owerful magneto machine or galvanic battery are brought to- 
gether, and then separated 1 or 2 millimeters, the current does 
not cease to flow, but volatilizes a portion of the terminals. 
The vapor formed becomes a conductor of high resistance, and 
remaining at a very high temperature produces intense light. 
The light rivals that of the sun both in intensity and purity. 
The heat is so great that it fuses the most refractory substances, 
including even the diamond. Metal terminals quickly melt and 
drop off like tallow, and thereby become so far separated that 
the electro-motive force is no longer sufficient for the increased 
resistance, and the light is extinguished. Hence, pencils of 
carbon (prepared from 

coke deposited in the ^* ^^^' 

distillation of coal in- 
side of gas retorts), 
which are less fusible, 
are used for terminals. 
For simple experi- 
ments, these pencils may be held in forceps (Fig. 195) at the 
ends of two brass rods, to which the battery-wires are attached. 
These rods slide in brass heads A and B, supported by insu- 
lating pillars, so that the distance between the carbon points 
may be regulated. 




§ 234. Voltaic arc. — The light is too intense to admit of 
examination with the naked e3'e ; but if an image of the termi- 
nals is thrown on a screen by means of a lens, or a pin-hole in 
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a. cani (sei- \>age S28), an atvli-shaped light is seen eskfl^oj 
ryoiu pole to iH>le, as skowii iu Figure lOd- This l^t bu 
received the iinmo of the voltaic arc. The larger portion ot tbe 
FU !••- "o^t> however, emaDateB from the tipa of the two 
cHrlxia termiunls. which are heated to an intesae 
whiteness, hut some from the arc. The +pole ia 
L hotter than the — iMle, as is shown by its gloiring 
I louger after the curreut is stopped. The carbon ot 
the +pole becomes volatilized, and the li 
particles are transported from the +pole 
— pole, forming a bridge of lumiuons vapor between 
the poles. IVhat we see is not electricity, but hnninoits matter. 
Neither light nor a. current can exist without matter, as rnaj be 
shown by trying to pass a current between two metallic poll 
little way apart, in a charcoal vacuum (page 56) ; no spark can 
be produced. 

S 235. Eleotrio lamp. — It is appai-ent that the 4-pole i> 
suhJL'et to a wasting away, and the —pole to a slight acoesaion | 
of liijiltiT. .4t the j)oint of the fornifr a conical -shaped canity 
is formed, while around the point of the latter warty protuber- 
auoes appear- When, in consequence of the wearing away of 
the +pole, the distance between the two pencils becomes too 
gi-ciit for the electric current to span, the light goes out. Nu- 
merous self-acting regulators for maintaining a uniform distance 
between the poles have been devised. Such an arrangement ia 
called an electric lamp. In some, the carbons are moved hy 
clock-work, which requires winding up occasionally ; in others, 
the movement of the carbons is accomplished automatically hy 
tlie action of the current itself. 

§ 236. Electric candle. — The " Jablochkoff Candle" ob- 
viates all necessitj- for regulators. In this candle, instead of 
the carbons pointing toward each other, they are placed side by 
side, ft and (* (Fig. 107), separated by a thin insulating septom, 
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!, of kaolin. Tlif curreut ^mwsea U|> one carboD, across the 

(pace betweeu the points, and down the other. In its passage 

t>ctween the points it foiius the luminous av 

beat of tbc arc fuses and volatilizes the kaolin, and 

it wastes slowly away like the wick of a candle ; 

hence its name. 

The electric light ia of the purest white. In it the 
most delicate colors retain their noonday purity of 
'tint, while a gas light appears of a sickly yello< 
in comparison. 



Fig. 107. 

t 



S 237. Eleotrotyping. — This book is ijriuted 
from electrotype plates. A moulding- case of brass, in the shiipe 
of a shallow pan, is filled to the depth of about one centimeter 
with melted wax. A few pages are set up in common type, and 
an impression or mould is made by pressing these into the wax. 
The type are then distributed, and again used to set up other 
pages. Powdered plumbago is applied by brushes to the sur- 
face of the wax mould to reuder it a conductor. The mould is 
then flowed with alcohol to prevent adhesion of air-bubbles, and 
afterwards with a solution of copper sulphate, and dusted with 
u-on filings, which form by chemical action a thin film of copper 
on the plumbago surface. The case ia then suspended in a bath 
of copper sulphate dissolved in dilute sulphuric acid. The 
— pole (why the —pole?) of a galvanic battery or magneto ma- 
chine ia applied to it ; and from the +pole is suspended in the 
bath a copper plate (why?) opposite and near to the wax face. 
The salt of copper is decomposed by the electric current, and 
the copper is deposited on the surface of the mould. The sul- 
phuric acid appears at the -f pole, and, combining with the 
copper of this pole, forma new molecules of copper sulphate. 
■When the copper film has acquired about the thickness of an 
ordinary visiting card, it is removed from the mould. This shell 
shows distinctly every line of the types or engraving. It is 
'.then backed with melted type-metil to give firmness to the 
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p pUl« is tben fastened oa a Mock of wood, aod thu I 
ult ftp trpe-h^, xnd b now ready for the printer. 



23& Blectro-plstijiff. — The distinction between eledi 
platiDg nnd i7l«i.-trotvping is. that with tl)e former the metal 
coat n>iiciiD9 iwrnianenUy on the object on which it is deposited, I 
^ while, with the latter, it is intended to be remored. Ttie pn>-l 
KMeses ore. in tbc main, the same. The articles to be plated ai 
^■Bnt tborvHighly cleaned, and snspended on the —ptde ot tl 




lattery, and then a plate of the same kind of metal that is 

■iflepositfid on the given articles is suspended from the 4-pdl 

l(rig- 108). The bath used is a solution of a salt of the n 

Kto bo deposited. The cyanides of gold and silver are generall; 

sed for gilding and silvering. Many of the base metals r« 

piiro to be electro-coppered first in order to secure the adhesiol 

t the gold or silver. The magneto-electric machine has almofl 

ropletely replaced the voltaic battery for electrotyping t 

jriectro-plating purposes. 

J9, Electro -magnetic engines. ^The great power 
Irhich electro- to a^uet-s may t-xert, even wheii excited by feeblfl 
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rents, miglit seem to justifj- the espoctatioa that through 
' iQBtrumentality a motive ^xiwer may bo obtained that 
B with steam, lillectro-niagnetic engines have, indeed, 
a cooHtructed of four and live horse-power, and boats and 
cars have been propelled and fietda plowed by them. 
■eat disadvantage is that they are not economical; the 
I acids required to produce a given amount of power 
i, nearly a hundred times aa much as the coal that would 
i tlie same power. But, on the other hand, the efficiency 
y be aboiit five times greater than tliat of a steam engine. But 
e the absohito amount of power is of leas consequence than 
f of producing it instantaneously and at will, electro- 
^etic eugines may be used with advant^e, as in driving 
eewing-macliines. 

3 240. The telegraph. — TJic woi-d telegraph, literally, sig- 
nifies to tcritefar away. In its broadest sense, it embraces all 
methods of eomninnicating thought with great speed to a dis- 
tance by means of intelligible characters, sounds, or signs ; but 
Uly it is applied only to electrical methods. 
rat, it should bo understood that, instead of two lines of 
', one to convey the electric current far away from the bat- 
■, and another to return it to the battery, if the distant pole 
■ connected with a large metallic plate buried in moist earth, 
p, still better, with a gas or water pipe that leads to the earth, 
i the other pole near the battery is connected in a like mah- 
p with the earth, so that the earth forms about one-half of 
! circuit, tjiero will be needed only one wire to connect 
raphically two places that are distant from each other. 
rthermore, the resistance offered hy the earth to ihe eledric 
9 practically not/ting ; so that, disregarding the resiat- 
j of the ground connections, there is a saving of one-half 
e wire and one-half the resistance, and consequently one-half 
B battery power. 
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I Lei IS, Fluure 1, I'late II., represeiit tlie mcssage-acnilcr, oe 
mUir's kvy ; Y, tlie meEsagc-ruculvt'i. It may be Been that tbe cljtuit 
Is broken at B. Let the operator press his linger on tlie tnob of tie 
key- He closes the circuit, and the ele(^tric current instaotlj Ms tlie 
wire Irom Boston to New York. It magnetizes « ; a draiV3 down tht 
lever h, aud presses the point of a style on a strip of paper c that li 
drawn over a roller. The operator ceases to press upon the Xey, ^t 
circuit is broken, and lustautiy b is raised from the paper by a splnl 
spring d. Let tlie operator press upon the key only for an inst 
long enough to count one, a simple dot or ludentatlon n'lU be made la 
the paper. But If he presses upon the key long enough to count thi 
the point of the style ttUI remain in contact with the paper the ai 
length of time ; and, as the paper is drawn along beneath the poiut, ■ 
short straight tine is protlaced. This short line is called a daiih, Tbefe 
dots and ilasheB constltnte the atphabet of telegmphy. For Instance, a 
part of a message, ■' man is in," is represented as printed in tele- 
graphic characters on tlie strip of paper. The Roman letters abore 
Interpret their meaning. 

g 24L Sounder.— If the strip of paper is removed, and 
the style ia allowed to strike the metallic roller, a sharp click is I 
heard. Again, when the leyer is drawn up bj- the spiral spring, 1 
it strikes a serew ])oint above {not represented in the (igure), 
and another click, differing slightly in sound from the first, is 
heard. A listener is able tu distinguish dots Itum dushes bj 
the length of the intervals of time that elapse between these 
two sounds. Operators generally read by ear, giving heed to 
the clicking sounds produced by the strokes of a little hammer. 
A receiver so used is called a sounder, a common form of which 
is represented in the lower central part of Plate II. 

§ 242. Relay and repeater. —The strength of the current 
is diminished, of course, as the line is extended and the number 
of instruments in the circuit ia increased. Hence, a current 
tha| would move a single sounder audibly, on a short line, 
would not move many sounders on a long line with sufficient 
force to render the measi^e audible. Resort is had to relay* 
and repeaters. The principle on which they remove this diffl- 
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oulty may, perhaps, be best explained by analogy. In days gone 
l>y, posts for couriers were stationed a day's journey apart. 
At each post were a courier and a horse at all hours ready to 
start. The courier, bearing a dispatch, rode all day, and at 
night reached a post where fresh horses were saddled ready for 
the next stage of the journey ; he himself was exhausted, his 
force was nearly spent, but he could awaken a courier who 
was stationed there and deliver the despatches to him, and he 
with fresh strength instantly took up the journey. In a similar 
manner we picture to ourselves the electric current arriving at 
a station so nearly exhausted that it cannot deliver intelligible 
signals, yet it may still have strength to wake up another bat- 
tery and set in motion a fresh current which shall receive and 
announce audibly, or carry forward the message which the 
exhausted current has just strength to whisper. 

In Figure 2, Plate II., the letter R represents a relay and S a sounder. 
Suppose a weak current arrives at New York from Boston, and has 
sufficient strength to attract the armature of the relay at that station. 
This, as may be seen by examination of the diagram, will close another 
short circuit, called the local circuit, and send a current from a local 
battery located in the same office, through the sounder at that station. 
The sounder, being operated by a battery in a circuit of only a few feet 
in length, delivers the message audibly. If it is desired that the mes- 
sage should go beyond New York, — for instance, to Philadelphia, — 
then we have only to suppose the local line at New York to be length- 
ened so as to extend to Philadelphia, and a powerful line battery to be 
substituted for the small local ; then the message that leaves Boston will 
be shifted from one circuit to the other at New York, and be delivered 
in Philadelphia without the intervention of any operator on the route. 
In this case a relay is called a repeater. The electro-magnets in relays 
are wound with long and thin wire, while those of sounders are wound 
with short, large wire. (Explain. The main battery consists of many 
ceUs; how should they be connected? It may be located at either ter- 
minus, but it is generally split in halves, and one half placed at each 
terminus ; how should the two halves be connected ?) 

In the diagram the circuit is represented as open at both keys. 
When the line is not in use, the circuit ought always to be left closed, 
by means of switches connected with the keys (not represented in the 
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same rapidity aeross tlieir respective sheetii. Then llie electm 
current, decomposing tUe pniMaiutu of |h>UiiiIi, irUI cauao tlie 
needle in New York to trAMt a conliniioiis liluc line nn Y, nntil 
the needle in Ikistoa reacliea n line or scnling-wax on X, when 
the circuit is broken aw it passes over this line. At the §: 
time there 18 a break in the continuity of tin- line traceil on V. 
If, further, each needle is nioved down a hair's breadth i 
lime it traverses its respective eheet, tlion wc shall hnrn an 
exact fac-simile of the writing on the tin-foil proihiw-d on 
iliemically-prcpared paper, except that whereas the original ia 
written in dark letters on a light ground, the message is received 
in light letters on a dark ground. Pen-and-ink sketches of phi>- 
tographa and other pictures may be transmitted in the s. 
wav- The pens are not. of course, held and gnidcd hy human 
hands, but by complex machinerj'. The rigorous exactness 
requisite in the movements of the two pens is secured by the 
absolute synchronism in the Tiibrationa of two pendulums, one 
at each tenninus, controlled by the electric current. 




^^J'§ 244. The electric flrs-alanu. — This is a modificatioa 
^^B the electro-magnetic telegraph. Figure 199 will i 
^^Bbstrate the general plan uf the American system, invented by 
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FrrjDD MMDe ecntnl 
citj. At MitaUe intcmdi 
mudl or/ttj^pe-sfaapcd boonSf onaD^ 
^x«nMT» of streets. .Chi ciMnap oae of 
who M to gire aa alann fiadi a cnadk A, 
*' ptjll down once and let go." Una 
fieU in fnotion a train of wbeda, 
wheel (' to rerc^re. This wheel bean 
nr/tchi^s correapon^i^ to the nnmber of tte 
of the line are so ooDoeeted, one with C and the oftff wift t 
hjver h, tfiat when the lever toodiea tte ■inid the dicBk a 
i'\(m:i\. But when the wheel levi^Tea, and n noUk paana mder 
the roller, the circait b broken. Tfie cflbet of faraAmg tte 
drcitit is to demagnetize the dedcMnagnet F at tta centnl 
station < anc] release the armature wbidi ia attadied to tte 
\4tuyr\U'. of a >>ell. The toogae then being drawn Ibicibly by 
i]if hpr'mjr O in thr; opfK>site direction, prodaces one stroke on 
fli" Uf\\. I',y pulling i\u: lever down once, the spring is woond 
lip JiiHt ^Tioiigli to cfinse C to revolve three times, and thus the 
riiinil»<'r of Mk! box is struck three times in snccession. The 
wnt^'hruMn mI Uk; central .station, being thns notified of the 
(•\\Hic\\if iiu*\ lo(;ality of the fire, at once and in a similar man- 
iM'f nolilipH the Hcvcrul fire-engine companies. 



I!KU, TKLKl'llOSK. 

XXXVII. TF.LKPHONK AND MlfROl'UONE. 

S 24S. Bell telephone. — Figure 200 r<'|)re8cnt'< a sectioiml 

.ind a, perspective view of this instramcnt. It coiii«i»tii of a 

steel magnet A, about 5 inches long and three -eiglittis of un fnc-li 

in diameter encircled at one estremity by a short Imbliin. on 

18 wound a tml B of very fine insiiilnred wire : the cmbt 




of the coil CC are connected witii the binding screws DD. 
Immediately in front of the magnet is a thin circular iron disk 
EE The whole is enclosed in a. wooden or rubber case F, 
with the exception that the wood is cut awaj' at G, so as to 
expose one surface of the disk. The conical-BJiaped ca\-ity 
Berves the purpose of either a mouth-piece or an ear-trumpet. 
There is no difference between the transmitting and receiving 
telephone: each instrument serves both pni-poses. Each in- 
atniment is in itself a diminutive magneto -electric machine, and 
BO of course no battery is required in the circuit. Connect iu 
circuit two such telephones, as seeu in the figure, by two wires, 
or employ the eartli for one of the conductors, and the apparatus 
^B ready for use-. 
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'0 KLECTRICITT AKD ttAQNETlSM. 

When 11 iKTBou talks to the disk of the triinsmitter. hr Ibion I 
It into rapid vibrotion. The diak, beitig quite close to the inij 
net, ia itself a magnet by induction : and, as it vibrnla, H 
mngnetio i»ower is coaHtontly cbnnging, bt'ing strengthenwl s> 1 
it &j)i>roii(^lii'a the magnet, and enfeebled as it recedes. 
Ructnnting tmtgnetie force will of course induce currenU It 1 
Dltcrnatc diri'ctions in the neighboring coil of wire. These ro 
rents traverse the whole length of tlie wire, and so passtlirowsl 1 
tlie coil of the distont instrument. When the dii-ection "t ft* I 
Arriving (!iirrent is such as to reenforce the power of the magna I 
of tliv rpcoiver, the magnet attrnctB the iron disk in front of It I 
mora strongly tbiin before. If the current is in the opposite Jl 
tiou, the disk is less sttract^d und flics back. Hence, whntiiver I 
movement is imparted to the disk of the transmitting telepboiie. 
the disk of the receiving telephone is forced to repeat Tlie ] 
vibrations of the latter disk become sound in the same mannu 
M the vibrutinns of a tuning fork or the head of a dram, — biil I 
of this wc ahull loam full particnlara in the next chapter. 

S 246. Microphone. — In Figure -201 , A and R arc huturns 
of carbon ; the former is attached to a sounding-board of tbiu 
pini^ wo(xl, tlio latter to a steel spring C, and both are connectol 
itt circuit with a battery and a telephone used as a receiver. 
Tlie H|iriug presses It against A, but any slight jar will cause n 
variation in tlio ])rcs5ure. The pupil must have learned ere this 
by experience that the effect of a loose contact between any two 
parts of a circuit is to incrcase the resistance, and thereby 
weaken the current; but the effect of a slight variation in 
pressure is especially noticeable when either or both of the 
parts are carbon. Now any slight jar, as that caused by the 
tick of a watch, will cause a variation in the pressure between 
the carbon l)uttnns, and this will pi'oduce a corresponding varia- 
tion in tliu (Mirrent, and the fluctuations in the current are 
attended wltli the usual vibrations in the telephone receiver. 

liy nioaiiH of this instrument, called the viicr(^hone, any little 



s its name indicates, euoli as tlie tic-king of a watcti o 
I footfall of au ioscct, may be reproduced at a considerable I 
btnce, and be as audible as though the original sounds were | 
e close to the ear. If a perton talk to the thin pine board, 
I words will be distinctly heard in 



B Blake transmitter, now In very general use. la coustracted c 
I principle of tlie mlcropljoiie. It will be soon that when this trans- 
s OBetl A battery is required. 




In tlie Dulbear TeU'ijlidui.; System a nilcrophoii 
placed in tliu primary clri;uLl, of an Inductiou coil. T 
sists simply of two thio metallic dislis, about 6™ la diameter, separated J 
rroiD one another by a thin ulr-space. These, enclosed in a case of hard' ■ 
rubber, are connected, one with the wire from the secondary cod and 3 
the other with the ground. When the electricity Induced in the coll fl 
reaches the dlslt and charges it, it attracts the opposite disk, and thft 1 
varying strength of these charges causea the front disk to vibrate, and 
articulation is thuii reproduced with great Udclity. 



CHAPTER V. i 



SOUND. 



1 

The subjects of Sound and Light, which we have xm to \ 
study, have two important characteristics in conmion tiuit dis- 
tinguish them ft-om the snbjects already studied. First, each of 
them affects its peculiar organ of sense, the ear or eye, and a 
large part of the phenomena to be studied under each siibieci 
arc of importance only to one or the other of these senses; 
while the most common, and many of the most important appli- 
cations of heat and electricity have no direct relation to aaj 
organ of sense. Second, both sound and light, we shall find, 
originate in vibrating bodies, and reach us only by the inter- 
vention of some medium capable of being set in vibration. 

Here, as in all other kinds of motion, energy is involved ; the 
ear or eyo absorbs energ}' whenever a sensation is produced, but 
the amount absorbed is so minute, and the difficult3' of measuring 
it so ^rcat, that usually other points better deserve the student's 
attention. 

lA't us ])egin with thci study of such vibrations as will neither 
produce sound, nor in n dark room affect the ej'e. 

XXXVIII. VIBRATION AND WAVES. 

§ 247. Vibration. — Experiment 1. Repeat the experiment with 

tho peiidiiluni 1"' long, page 111, and note in what respects its motion 
<riirers from most other motions. 

Kxporiinent 2. Take a pendulum 50"" long, hold it with the string 
just touching an edge of a table, having the hand about 38c™ above the 
tabic, and set it vibrating; the ball will be seen to vibrate faster in the 
portion of its arc that is under the table than in the other portion, and 
«o more vibrations are made in ten seconds than if the string swing 
freely without touching the table. 
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DIKECTION OV VlIIKATloN. :2|.> 

Experiment 3. Without the pondiiliim. inovo th«; liuiifl <|iilrkly rn>in 
side to side every two seconds, turning instantly at om- ••idr, and wait- 
iug at the other till the two seconds an' up. 

These three motions, thongli very difforciit, hixw this in com- 
mon : the motions in each ease oeeur at ffjiml inti-mih nf tim*'. 
This interval of time is ealled tlie }terhnl of I'ihrntinn. In Kxp. 1 
it was two seconds ; in Exp. 2, about one s(*cf)nd : and in K\ p. :(, 
two seconds. The motion from one side to the otiuT and l>:i<-k 
is called a vibration. If n = the numiK>r of vilirations in one 

second, and t = tlie ][)eriod, ^= — The amplitudt' of pcndiilnin 

n 

vibrations is assumed to be very small. In Kxp. 1 \\w motion is 
called a simple (or pendular) vibration ; in tiu' otlicr eases tht> 
vibration of the ball or the hand is comjdt'jr. Do not eon fount I 
period with duration of the vibratinjif state ; in Kxp. 1 tiu* 
pendulum may have vibrated ten or one hun<ln'd siM-onds, 
before coming to rest, but the peri(xl was two sim-oikIs. Con- 
sidered mathematically, other periodic (and thcirfon- vil)ratory) 
motions are, the movements of the hands of a wat^h, the rciru- 
lar trips of a stage-coach, etc. A vibratinn is a rfrurmtt rfnintj<* 
of position, 

§ 248w Direction of vibration. — A small ro<l, like a yard- 
stick, fixed at one end, may bo set in vibration by pulliu<>; the 
other end to one side ; a tree vibrates in the wind ; the strings 
of a piano swing from side to side when vibratinii: : in all these 
cases the motion is at right angles to the lengtii of the bod}', 
and so the body is bent. These are all cases of (ransversf 
vibrations. 

Experiment. Hang up a spiral spring, or elastic cord, with a wcigl 
attached to the lower end; lift the weight, and, dropping it, notir 
that the cord vibrates, lengthening and shortening rapidly. 

The motion of the body is in the direction of its length, a 
so it is not bent ; this is a case of lowjitudinal vibration, Tw 
the string, and see that it is ^wssible to set up torsional vib 
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STATIONARY VIBRATIONS. ETC. 



Szperlment 2. .Inst at the Instant of refiectini 
; these two, the crest ftnd the returning Invprte 

low IraveliiiK ^^ ^^ 

J the rope in oppo- , 
[ directions, and ii 

.e point. This I 
I will be urged ii|i- 

pward by the trouf:h, 

olts motion will iic 

I to the difference oi 




[ the rope, first a trouyb, then a. cre.st; now two crests (D) will 
r the middle of the rope, and the motion here will be due to 
Hforces acting In the same itlreetion, and so the resulting crest Will 
uiter than either of the original ones. 

a action on a sioglo point of two pulses, or two trains of 
waves, no matter if from different sources, is termed interfer- 
ence. The resulting motion may be greater or less than that 
due to either pulse alone, or it may ha zero, 

5 252. Stationary vibrations, nodee, etc. — Exporimeiit. 

HolJ one end of a rubber tubt, about 2" long, whilo tlie other is fixed, 
and send along It a, regular succession of equal pulses ih>m the vlbmt- 
Ing hand; It will be easy, b; varying the tension a little, to obtain a 
succession of ganzy spindles (Fig. 20+) separated by points that Bre 




nearly or quite at rest. Unlllte the earlier esperltoeiLts, the waves hero 
do nut appear to travel along the tube; yet in reality they do traverse 
It. The deception Is caused by stationarj' points being produced by the 
interference of the advancing and retreating waves. 

Thia interference of direct and reflected waves givea rise to 
Wtfi important cluaa of HO-called stathmary ■cibr'Hiwia. The 

L ii 
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loiiits of least motion, na a and 6, are called nodes; the points 
Lof greatest motion, c and rf, are called antipodes; and the por- 
1 tion of the rope between ii node and an antinode, as aa, is a 
aemi-ventral segment, and ab 'is a ventrcd seijme.nt. 

% 253. Water- wave 8, — If you have a long and rath^ 
narrow box or trough, nearly filled with water, you can pnj 
diice inueh the same eEFects as with the rope. A crcBt i 
cnuscd by tlirusting the hand into tlie water ; a trough, by s 
denly witbdravi-iug it. Chips Boating on the water show ths 
)|ere, as with the rope, it is only a form that advances — n 
the matter. But uaore careful observation will show that t 
chip, when on the crest of the wave, does move forward a littla 
and when in the trough moves bacltward a little ; thus it do€ 
not merely rise and fall, but goes round in a cun'e that i 
approximately a circle. After a little practice, yon may be a 
to produce interference and stationary waves ; or you may prQ 
duce them by blowing on the surface of water in a basin, ' 
tapping the basin. Water-waves furnish important illusti-atiOT 
of the fact that energy may be transmitted by vibration as tru^ 
as by the actual trausfer of the medium, as in the river's 
or the wind. 

§254. Longitudinal 'waveB. — Experiment. Procure a brai 

wire wound In the form of a spiral spring,' about i" lonj. Attach on 

end to a cigar biix, and fasten llic boi to a tabic. Hold the otier end I 

of the Rplrol Urinly iu one hand, and with the other band Insert a knife 

blade between tl 

^ FIg.2QS.^ ^ tnmBOfthewire 

and quickl; r 

it for a short dla 



Hi 






along- tl 

splrnl toward 

bos. thereby crowding tloaer together for a little distance (B, I 

205) the tnras of wire in front of the hand, and leaving the In 

behind pulled wider apart (A) for about an equal distance 1 

i- of No. an bnui. spring-wlro ibould bo wdimd wlih .v.re In u luUw ( 
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] parC of the spiral may be called a condejuaUon. and the 
itcliod part a rarf/action. The condensatlou, followed by the rare- 
wiUi great velocity through the uplral, otrikca the box, pm- 
Ung a Bharp, loud blow ; is reflected from the box back to the hand, 
I ttQia Ihe hand again to tlie box, producing a second blow ; and by 
lauipulation three or four bl')WB may be produced In rapid buo- 
If A piece of twine be tied to some tnru of the Wire, it will 
as each wave passes It, to receive a slight jerking nioveinent 
pvurd mid backward in the direction of the length of the Kplml. 
Hdw ia energy transmitted through these ■l" of spring ao us 
pdeliTer the blow on the box? Certainly not by ii bodily 
wement of the spiral as a whole, as might be the ease if it 
e B rigid rod. The movement of the twine shows that the 
y motion which the eoil undet^oes ia a vibratory movement 
i tui'nB. Here, as in the case of water-waves, energy is 
msmitted through a medium by the transmission of vibrations. 
There are two important distinctions between this kind of 
Re and a liquid wave : the former consists of a condensation 
I a rarefaction ; the latter, of an elevation and a depression ; 
the former, the vibration of the parts is in the same lino with 
t path of the wave, and hence these are called longitudinai 
in the latter, across its path, and they nre therefore 

ive cannot be transmitted through an inelastic soft iron 
ElaMicity is essential in a medium, that it may trannmU 
Wft-ues Wiade vp of condensations and rarefactions; n/td the greater 
'he elastidt!/, the greater the facility aiid rapidity with rvAieh a 
mfdi-wm transmits ti-aves. 



Air as a medium of wave-motion, —May not air 

and other gases, which are elastic, serve as media for waves i 




SOUND. 

Bjnstantlj the tant]lc flu 1 | n h d The body of air In the tub 

erves as a medium To t ansmlssion of motion to the caudle. 

Was it the tuotion of u urr nt of air tbrangh the tube, as whe 

phlowu through, or vfa i he t fin fe or (i vibratory motion? Bar 

touch-paper' at tlie u Ifl e ft so as to fill this end of the tnbe wid 

smoke, and repeat the Inst esperlmcnt. 

Evidently, if the body of air is moved along through the tube, th 

•moke will lie carried along witii it. The candle is blown tint as before 

smoke issues from the orifice a. It is clear that there 




I translation of material particles liom uiu; liilI io i' 
I Dke the flight of a rifle bullet. The caudtc flame n 
I 'thing like s pulse of air, and not by a vrind. 

S 256. Sow a wave is propEksated through a medium., 

— The effect of applying force with the Iiaiid to the spir^ 

apring is to pi-otluee in a certain section (B. Fig. 205) of th^' 

spiral a crowding together of the turns of wire, and at A » 

separation ; but the elasticity of the spiral instantly causes 6 to 

expand, the effect of which is to produce a crowding together of 

the turns of wire in front of it, in the section C, and thus a foi^- 

word movement of tlie condensation is made. At thi 

time, the expansion of B causes a filling up of the rarefaction at 

M A, so that this section is restored to its noimal state. This 

^K not all : the folds in the section B do not stop in their swin^ 

^K when they liave recovered their original position, but, like a 

^ft pendulum, swing beyond the position of rest, thus proditcing ft' 

^K rarefaction at B, where, immediately before, there was a con* 

^H of hot waler, dip hobIzsiI psper In tbc KoluliaQi and (hen ul 
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A WAVK-I.IMi REPRESENTS A VIBRATION. Z7I 

Sensation. Thus n forward movenieiit of the rarefaction i 
ind thus a pulse or wave is transmitted with iiniform< 
ocity through a spiral spring, air, or any elastic mcdinm. 

i 357. How a wave-line represents a vibration. — We 

e 274) that a wave might be c-aused by a vibration, 

i readUy believe that if the vibration is changed in any way, 

B wave must sbow some corresponding change. In fact the 

ive-line shows at once something about the vibration for sev- 

1 successive periods ; so, if we could attach a cord to k 

rating body, or set up vibrations iu water by it, and then 

I instantaneous photograph of the rapidly-disappearing 

mves, wc might icani niuub about the natiue of the original 

I A much more practical arrangement, which gives a permanent 

fave-line, is the following 

bExpertment. Attaoh, by means of sealing-wax, a bristle o 
> the end of one of ilie pronga of a tuiitng-fork, oa 
e20T. Settherorfcin Fi,. 'w 

atton , and quickly draw 
!• point of the bristle 
Btly over a smoked glass 

Lug. 207). A beautiful wavy lino will lie trn^-ecl ou the glass, each 
e corresponding to a vibration of the prong iilitn vibrating as a 
lie. 

Next tap the fork, near its stem, nn the edge of a table, and trace its 
viliratioQs on a smoked glass as before. You will geaerate tie same 
set of waves that yon did before; bnt, running over these, isanotlier set 
ot waves, of much nhorler period, much like No. 3 of Figure 223, page 
312, showing that the prong vibrates, not only as a whole, but in parts'. 
Tlie serrated wavy line produced represents the resultant of tlie coni- 
JJned viliratioos, and may be called a complex isnet-ltne. 

It we imagine the piece of twine on the spiral (p^e 277) 
lOed by a bristle iminting dowuwni-d, and under it a smoked 
'^ass drawn at right angles to tlie length of the spiral, the 
vibrating bristle will trace a characteristic curve ou the glass. 
We may even conceive a writing point attached to a particle 
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280 SOUND. 

of air and tracing these curves, and thus understand how it 
can illustrate the nature of the vibration of the air. This method 
is known as the graphical method of studying vibrations. 

XXXIX. SOUND-WAVES. 

§ 258. How sound origrinates. — Listen to yonder sound- 
ing church-bell. It produces a sensation ; it is heard. If the 
orifices of the ears be stopped by pressing the palms of the 
hands against them, the sensation, in a great measure, ceases. 
The ear is, therefore, the organ of sense through which the 
sensation of hearing is produced. The bell must be the cause 
of the impression made on the ear. But the bell is at such a 
distance that it cannot itself act on the ear ; 3'et something must 
act on the ear, and it must be the bell which causes that some- 
thing to act. 

Commencing at the origin of sound, let the first inquiry be, 
How does a sounding body differ from a silent body ? 

Experiments. Strike a bell or a glass bell-jar, and touch the edge 
with a small cork ball suspended by a thread ; you not only hear the 
sound, but, at the same time, you see a tremulous motion of the ball, 
caused by a motion of the bell. Touch the bell gently with a finger, 
and you feel a tremulous motion. Press the hand against the bell ; 
you stop its vibratory motion, and at that instant the sound ceases. 
Strike the prongs of a tuning-fork, press the stem against a table, you 
hear a sound. Touch gently the cheek with the end of one of the 
prongs ; you feel a tickling sensation produced by its minute vibrations. 
Thrust the ends of the prongs just beneath the surface of water; the 
water is thrown off in a fine spray on either side of the vibrating fork. 
Watch the strings of a piano, guitar, or violin, or the tongue of a jews- 
harp, when sounding. You can see that they are in motion. 

The difference between a body when sounding and when not 
sounding is, that when sounding it is in a state of continuous 
vibration ; when not sounding, this vibration is absent, and the 
parts of the body are at rest among themselves. We conclude 
that sound originates in a vibrating body. 



HOW SOUND TKAVEI^S. 2Hl 

Sounds that proceed from the tniiiiij^-fork .iiid tin* violin 
string are examples of sound produced hy IransviTs** vihnitions. 

Experiment 1. With one hand grasp at its ('(>iitcr u f^luss tiilM; 
aboat 1™ long; lay a damp woolen cloth on the ))ahii of the other huiul. 
and grasp the tube tightly with this liand. and sli<h* it quickly Iciigili- 
mse the tube. The friction between the clotli and tin* tulic will tliniw 
the latter into longitudinal ribrationsj and a loud, slirill sound will be 
produced. 

Experiment 2. Take a strip of sheet-iron or brass l.V''» long and 
gem ^vicie, make a hole near one end, and suspend hy a string 1"' long 
from the hand, and rotate it rapidly al>out the hand after the maimer 
of a sling. The string will rapidly twist and untwist, and a loud sound 
will result from the torsional vibrations. 

§ 259. How sound travels. — How can a bell, sounding 
at a distance, affect the ear? If the bell while sounding i)oh- 
sesses no peculiar property except motion, then it has nolliing 
to communicate to the ear but motion. But motion can be 
communicated by one body to another at a distance only through 
some medium. 

Does sound require a medium for its communication? If so. 
what is the medium ? 

Experiment. Lay a thick tuft of cotton-wool on the plate of an 
air-pump, and on this, face downward, place a loud-ticking watch, aud 
cover with the receiver. Notice tliat the receiver, interposed between 
the w^atch aud your ear, greatly diminishes the sound, or interferes 
with the passage of something to the ear. Take a few 'strokes of the 
pump and listen ; the sound is more feeble, and continues to grow less 
and less distinct as the exhaustion progresses, until either no sound 
can be heard when the ear is placed close to the receiver, or an ex- 
tremely faint one, as if coming from a great distance. The removal 
of air fi*om a portion of the space between the watch and your ear 
destroys ttk sound, although the watch continues to tick. Let in the 
air again and the sound is restored. 

Thus it appears that sound cannot travel through a vacuum; in 

other words, without a medium, and the medium in this case is air. 

By which of the two methods described on page 27ft ig mo- 
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fuurth of a nQe tnm 
feel tlie shock 
liliaken by it ; at the 
uoi the motaoo ci a wiad, 
i'Mteilj In: iibown that the 
iiiiK*« ill an boor, or with 
H licreaN the wind of a 
liiiur. What, think jon, 
Mim«-k by a guat of wind of 
wliUfNT travela with TCij 




i aSOi Air-wavoa. — Boja 
|iii|ii*r lui^H, and with a qaick blow Jb tufctin g 
witii «-ti(li li Hiugle loud report. FInt'tfae air ia aoddenly aal 
gi'diit 1 y coitdfiimMl by the blow, the bag ia bmst ; the air now, » 
biitlittiily Hn<l with equal force, expands, and by its eip e nriw 
t(iii(t(iint-i ttu* uir for ii certain distance all around it, leaving t 
i:ti(l:tt tiMii wlicn' just bcfort* had been a condensation. If many 
h.t^-} \M iin tiui-^t at the same si>ot in rapid succession, the result 
\Mtii\i\ Ik- tli:it altmiatii);; shells of condensation and rarefactioii 
twitiM iif till own i>lY, all having a common center, enlarging as 
tins atlxaiici-, lilvo tho waves formed by stones dropped into 
\>iit(i i (>hl\ that, in this rase, the waves arc not like rings, bat 
htillii\> ^litlx's ; not circular, but spherical. 

\n u »avn ailvuuccs, each individual air-particle concerned in 
itr> inuiMinirisiou pcrfonns a short excursion fro and to in a 
r)truiphl liiii*. railiatiu^ from the center of the shells or hollow 
^IiiIm'.«. a particle begins to move when the front of the shell 
of t'ttntpii'Msion tou(*hcs it, and completes its motion when the 
\nu\\ of the next shell of rarefaction loaves it. Accordingly, an 
nii'-ttmiui ti'in'i'tn Us oion Icntjth in the time that a particle occiipies 
in {ii»in{i tht^innjh one complete vibration so as to be ready to start 



SOLIDS AND LIQUIDS AS MEDIA OF SOIND. 2«3 

§261. What sound is. — The t<»nn mmnd is Koinrtiinos 
used to denote a sensation, sometimes to denoU' tlie cxtcrnul 
cause of the sensation ; it is in this latter sense tliat tlie word is 
used in Physics, and that we have to deflne it. 

If the ear replace the candle in the experiment (i)age 27.S) , the 
air pulse produces a loud sound. Conversely, iiir-w:iv«*s started 
by the voice may affect a flame, as shown on pajije 313. In laet, 
the relation between the cause of our sensation and a viliratioii 
is so uniform, that we may say, Sound is cibration that may be 
appreciated by the ear. 

§ 262. Solids and liquids as media transmitting soiuid. 
—Experiment 1. Lay a watch, with its back downward, on and near 
to one end of a long board (or table), and cover the watcli with loose 
folds of cloth till its ticking cannot be heard througli the air in any 
direction at a distance equal to the length of tlie board. Now place 
the ear in contact with the distant end of the board, and you will hear 
the ticking of the watch very distinctly. 

Experiment 2. Place one end of a long pole on a resonance box 
(page 000), and apply the stem of a vibrating tuning-fork to the other 
end; the sound-vibrations will be transmitted through the pole to the 
box, and a loud sound will be given out by the box, as though that, 
and not the tuning-fork, were the origin of the sound. 

Experiment 3. Place the ear to the earth, and listen to the rumbling 
of a distant carriage ; or put the ear to one end of a long stick of tim- 
ber, and let some one gently scratch the other end with a pin. 

Experiment 4. The following experiment will be found very in- 
structive and satisfactory : Let two persons stand about fifteen rods 
apart, and one of them strike two pebble-stones together, so as to be 
scarcely audible to the other. Then, when at the same distance apart, 
let one of them dive to the bottom of a pond of water, or hold one ear 
for a few seconds beneath the surface of the water, while the other, 
extending his hands into the water, strikes the stones together as 
before. The sound is much more audible than when conveyed by air. 

Solids and liquids, as well as gases, transmit sonnd-vihrations. 
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XL. VELOCITY OF SOUND. 

S 263. On what velocity of sound depends. — The Basil 
of a gim, howi'ver distaut, la seen by an obsener at tlie ingtant 
it ia made. But the rpjwrt, if the distance is several hundred 
yards, ia heaH a little later. If the distance ia a mile, im in- 
terval of nea ■ five seconds w-lll oceur; so that soand must 
occupy that 1 le in traveling a mile, or it must ti-avel aboal 
1100 feet in « 8> ' ■ ' '" )mcwhat leas than that of 

a rifle ball. 

It iii app 

greater mass to oe mo., 

it travels faster in the mt i 

retards and elasticity increanea f" 

tion of velocity to the density s 

tained by careful experiment, i^ 

t'» gases is Sirectly proportional to 

city, and inveraely proportional to Ike square root of tliei 

resjiective densities. 

The velocity of sound in air at 0°C. has been found Wi be 
333™ (10!t3 ft.) jier second. Its velocity increases nearly sis- 
teiiths of a meter for each degree centigi-ade. At the tempCT- 
ature of 16° C, ((!0°F.) we may reckon the velocity of sound 
lit about 342™ (1125 ft.) per second. 

The greater density of solids and liquids, as compared witii 
gusea, tends, of course, to diminish the velocity of sound; iMt 
their greater elasticity^ more than compensates for the deerease 
of velocity occasioned by the increase of density. As a gen^ 
rule, solids are more clastic than liquids ; hence, sound gcneially 
travels fiiater in the former than in the latter. For example, 
sound travi'ls in water about 4 times aa fast as in air; in lead, 



'el more slowly in a dense 
) in the former there ia » 
ther hand (see page 277), 
the most elastic. Demil'i 
oeitff of sounit. The rcltt- 
istieity of gases, as ascer- 
llows : the velocity of soamt 
e square root of theif elattl- 
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REFLECTIOIC. 

\ tiniea; in gold, 5 times; in brass, 10 limes; in copper, 11* 
"mesj in iron, 16 times; in glass, IC times; in wood, along 

e fiber, between 10 and 15 times; in wood, across tlie fiber, 

ween 4 and 6 times. 

QUESTIONS. 
(a) If a body of gaa Is compreased, how ts its density or volnma 
tooted? (See page 1660 (&) How is its elasticity affected? (u) How 
E It affected as regards the velocity witti wMeii It will transmit sonnd? 
. Hjdrogeu is sixteen times lighter (or rarer) than oxygen under 
le same pressure, (a) In which will souud travel faster? (6) WhyF 
) How many times faster? 

. When sound travels in air with a velocity of SSI"" per second, It 
tBvelB In carbonic acid gas at the rate of 202°' per second, (a) Which 
,e denser gas? (b) How many tir 
When a confined body of air Is lieated, It has its elasticity in- 
eased without any change of density. How will this affect transmifr- 
n of sound? 

[f air is heated aod alio ed t expand freely, as on a warm 
IT day, Its elasticity la naffe te 1 but its deu!^ity is diminished ; 
rr will this affect the transm sb on of lound? 



XLI- REFLECTION AND BEFRACTION OF SOUND. 

§264. Reflection. — In the experiment witli the spirat 
spring, waves were reflected from the box to the hand, and 
Irom the band to the box. When a sound-wa>'e meets an 
obstacle in its coi^rsc, it is reflected ; and a sound heard al 
!>eiLig thns reflected is often called an echo, or reverberation when 
many times reflected, so that the sound becomes nearly con- 
tinuous. 



K^; 



5 265. Sound reflected by concave mirrors. — Expert- 
Place a wntth at the focus (page 28li) A, Figure 208, of a eon- 
mirror G. At tlie focus B of another concave mirror H, place the J 
large opening of a small tunnel, and with a rubber connector 
the bent glass tube C to tUe nose of the tunnel. The eitrcraity I 
b^ng placGil in the ear, the Ucking of the watch caa be bearl v 



I 28f) SOUSD. 

"(ilotluctly. a* though It wcr* sointwbere « 
the mlrrora bt- G™ apart, the inaad nill be beard nrach londw*! B4i 
At an lDt«rtcrmedlalc poiot E. 

How ia this explained? Every aii^iwirticle i 
nidinl line, its Ac. receives and transmits motion in the ilin* I 
tion of this line ; the last particle strikes the mirror at c. an* | 
belag |>erfectt; elastic, bounds off in the direcdon « 
fonnity to the tow of reflection (page 118), comnimiieatiiig iU 
iMcitidii to the particles in this line. At c' a simQar reflectioii 
(fives motion to the air-particles in the line c'B. In consequent 
of these two reflections, all divergent lines of foree. as Ad. Af, 
etc., that meet the mirror 
G. are there rendered 
1 ^ parallel, and afterwftris 




rendered convergent »t 
the mirror H. The prac- 
tical result of the n 
tratioB of this Bcattering 
force is. that a sound of I 
great intensity ia heard at 11. The points A and B are called 
the foci of the mirrors. The front of the wave as it leaves A 
Is eoiivex, in passing from G bo H it is plane, and from Q 
to 11 concave. If you fill a large circular tin basin witJi 
water, and strike one edge with a kauckle, circular waves with 
concave fronts will close in on the center, heaping ap the 
water at that point, 

I.onp; "whispering-galleries" have been constructed on this prin- 
ciple. I'crsDDs stationed at the foci of the concave ends of the long 
gallery can carry on a conversation in a whisper which persons be- 
tween cannot hear. A most notable Instance was that of the " Ev of 
Dlonyslns," in the dungeons of Syracuse. The roof of the prison was 
NO constructed as to transmit through a narrow passage cot in the rock, 
to the ear of the tyrant, even the whispers of the victims there con- 
flned. 

The external ear is a sound condenser. The hand held concave 
behind the car, by Its Increased surface, adds to Its efficiency. An ear- 
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.t tlic small 
It Ihc large 



S 266. Refraction. — If you place your ear at the small end 
of a tdoncl C (Figf. 209) ind listen to the tickmgof a watch A, 




4" distant, and theu introduce a collodion ballooo B filled with 
carbonic acid gaa between your ear and the watch, and very 
near tbe latter, the sound becomes much louder. 

The cause is obviona ; for, let the curved lines a. b, c, et<;., represenl 
sections of sound-waves with convex fronts, and B a spherical body 
of carbonic acid gas which is denser than air; then it is clear that, 
owing to the slower progress of the waves in the denser gas, they 
wouM beconie flattened on entering this gas, and the waves of convex 
fronts may be changed to waves of plane fronts. Again, points at 
the extremities of the waves, haying less distance to travel in the denser 
pis than points near the center, would emerge first and get in advance, 
and thus the wave fronts which are plane while wholly in the dense 
gas, liecorae concave on leaving it. By these changes in the form of 
the wave fronts, sonnd energy which was originally becoming diffused 
through wider and wider space, and therefore becoming less intense 
as It progressed, is so changed In direction In passing into and out of 
a medium of greater density, that the energy is finally concentrated at 
* distant point, as at C. and thereby intensified. 

Any change in direction of sound, caused by passing from a 
medium of a certain density into a medium of difTerent density., 
is called refraction. 
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SOUND. 



XLII. LOUDNESS OF SOI'XD. 

!i 267. Loudness depends on amplitude of vibrations.- 
(Iriitlv t:4» ihi' prongs of a tuning-fork and dip them into water, 
llu* w:iti'r is scsireolv moved bv them ; increase the f orce o( 
I In* lilnw, thi* vil>riitious become wider, and the water spray* 
iliri»\\ii with greater fon^e and to a trreater distance. The saine 
liiini: iM-furs when the fork vibrates in air ; though we do not 
^11' I III' :iir-p:irtii-h*s as they are batted by the moving fork, 
\ii \M' \\'A the eU'eets as a sound sensation, and we judge of 
iluir iiiirirv bv the intensity of the sensation. Loudness of 
^oiiii'l i-i ri»:illv thv moasuiv of a sensation ; but as we have no 
^nii:»''U- *»r lonstaiit standard of measurement for a sensation, 
wi' nil* ioinpolU*«l lo measure rather the intensity of the sound- 
w.Hk-, IvVi-'uiiiir at the same time that the loudness is not pro- 
p,Mii«Mi:il b> ihis intensity ; unfortunately the expressions /owd- 
^N :i',i '■ • >: ••/ or\'ionnii are often interelianijed. Tlie inten- 
^ V . ■ I \-":Mii»»ii is measured bv the enei*jjv of tlie vibratins; 
! =- . !.:iv t]\at if the amplitude of vibration of a 
^ ■ ■■ ■ •■ wliilv' iis period remains eonstaut, its velocity 
•s -i.»^ . and its enerirv becomes therefore four 
..... . ^ • ■.■'•-ii. llouee. ^n Mt'ttsund mf-rJtunicnUu, 

N ■ ;'' .<"'/>/'/ i"s lif'tp'trtionaJ to tltt^ ^vy>/.7/y 
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; Joiv I V v.-lv.esis depends upon the density of the me- 

■. ., V \-.v :;•:•.(. Ill with the watch under the receiver 

'.••• . • L.^.. -^l^, the sound grew feelder as the air 

■rv-. Vv V •:•:■::•.> ;iiv obliixed to exert themselvi'> 
•••.-, -.^ iM-vo :'.\v v^^-.Nov^iUiou heard when thev reach gival 
■■.'••«, ■/ .- • \\'.\o-/. '.-.i '.'/.v ^lai>or li»wcr air. Fill a sxlass bell-iar 
N\ •.:.■. ".\.i:\^'^^^:\ i::i^. ii'.'^d r'.iK-v^ iu it a small alarm clock: the 
>v'i:i'.>; '.< o\v\\\ii'.-ir'.y wc:\\ and tiiiu. as eompared with the 
>-o;i\\d w'v'.i ihv^ jav i^ :-rL»l wiili air. ■lhe>e i'xperimeuts t<.-ar:i 

\l»i I •' 1 •' ;' ■ ' ,• / 't /.s * ■ '' .N ■ •/ '• !•■ .lis Ull'l.l *'!' tit .I.N-'i o^' 
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•Ac medium in which it ia produced. In a rare iiiediuni a vibrat- 
**>g body during n single vibration Bi'ts in motion either fewer 
t*article8, as in the case of the partiiilly exhausted receiver, or, 
**« in the case of the hydrogen gas, it sets in motion tighter par- 
ticles than in a dense medinm ; eonsequently it parts with its 
**lwrgy more slowly, and the aoiind is consequently weaker. 

(In which ought the vibrations of a body to last longer, — ia 
^ denne i>i' in a rare medium ? Why ?) 

i 269. Loudness depends on distance. — It is a matter 
of e very-day oliservatiou that the loudness of a sound dirain- 
hht» very rapidly ii>i the diatanee from its soureo to tlte ear 
inereases- The ear is not, however, able to compare very accu- 
rately the loudness of two sounds; for instance, it caimot 
determine when one sound is just twice as loud as another. 
This, however, so far as it is affected by distance, can be very 
accurately determined by calculation. For it is evident that as 
a sound-wave recedes from its source in an ever-widening sphere, 
a given amount of energy becomes distributed over an ever- 
increasing surface ; and as a greater number of particles par- 
take of the motion, individual particles receive praportionally 
less energy ; hence it follows, — as a consequence of the geometi- 
rioal tnith, that the surface of a sphere varies as the square of its 
radius, — -that (3) the iutuniity of sound varies inversely as the 
square of the distance from its source. For example, if two pei> 
sons, A and B, are respectively 500 and 1000 meters from a gun 
when it is dischai^ed, the report that reaches A wi!l be four 
times as loud as the same report when it reaches B. 

§ 270. Speaking tubes. — Experiment. Place a watch at one 
mil of the long tin tube (Fig. 20fi) , and the car at the other end. The 
ticking in lieard very loud, as though the watch were close to the ear. 

Long tin tubes, called speaking tubes, passing through many 
apartments in a building, enable persons at the distant extremi-. 
lies to carry on conversation in a low tone of voice, while per- 



2W) SOFND. 

sons ill the variouB rooms through whicli the tube [tasBwhesi I 
iiothio);. The reason is that the sonnd-waves which eDt«i the I 
lubo are jireventetl from expniiding, conaequetttly the inlensit|i I 
of Bouud is not affected by distauce, except as ita energy b 
wUHtt^d by frieUuD of the air againet the sides of the tube. 

£271. Reenforoement of sound. — Observe the differeoM 
between the loudness of a sound made in a room, and the f 
made in the open air. In a room of moderate size the originid 
uiid rellL't:t.(Hl aonuds are heard simultajieously, one intensifjntig 
the uthor and producing what is called resonance. In largt 
roomSi tlic blending of the two Is not perfect, resulting in a sort 
of blurred sound, which is loud but indistinct. 

Experiment. Set a tuulng-fork in vibratloD; 70D can scarcely lieu 
the Bound produced unless it Is held near the ear. Press the slen 
against a table ; the sound rings out loud, but seems to proceed from 
the table. Again set It vlbratiug, bold It to the ear, and, watch la 
baud, note tlie nuuiJier of Hccauda It can be heard; then note the time 
that It can be heard when the stem rests on the table. The vibrattuos 
coiitiiiiie longer in the former case than In the latter. 

When only the fork \'ibrates, tlje prouga presenting little sur- 
face cut their way through the air, producing very slight condea- 
Batious, and consequently sounds of little int^oail^. When tiie 
fork rests upon the table, the vibrationa are ctHnmimicated to 
the table ; the tabic frith its larger surface tbrowa a larger maae 
of air into vibration, and thus greatly intensifies the souui 
But as the sound is rendered more intense, the energy of the 
vibrating body ia sooner exhausted, and the sounds have shorter 
dui'ation. 

In all stringed instrumente, like the piano, violin, etc., reSD- 
f orcement of sound is necessary ; here the sounding board <A 
thin wood fills more perfectly the place of the table. This 
sounding board must strengthen all notes within the compass of 
the instrument. The strings of the piano, guitar, and violin 
owe as much of their loudness of sound to their elaatio sounding 
boards, as does the fork to the table. 



KEENFORCEJlfENT BY JIAS8EB OF AIR. 

^^ 27Z Beenforcement by massea of air. - 
Sxperltnpnt. Take a glass lube A, Figure '2 



Fig. 210. 
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^2^^27Z Beenforcement by massea of air. ~ Besonatora. 
^jk ^Ixperltnpnt. Take a glass tube A, Figure aio, Ut"' long and t' 
• ,, ^Isiael^r; thruet one end iuto a vessel of water, C, and hold over tti 
*>(reod a, vibrating lunlng-fork B that makes (say) SSC vlliratiaDu In 
, Htcond. (See page 300.) Graduiilly lower the tube Into the wai 
^ ' <I when it reacliea a certain deptli. i.e., when tlie column of ah' 
**t»lnsa certain length, the sound 
^ tlie fork becomes very loud ; 
^^tiuulng to lower the tube, tlie a^ 
^und rapidly dies away. Try 
^*her forks that make different 
** timbers of vibrations in a stc- 
^->inl. The BOimd of each is inten- 
^ jlled, bnt eaeh requires a length 
* »f air-column suited to its par- 
t-iculsr vibration number. 

I . Colunins of air are Liius 

ind to serve as well as 

LDg boards to streiigtlieii 

When 80 used they 

\ <umed resonators; but unlilce the aoiinding board they civn 
»nd loudly to only one tone, or to a few touea ul' widely 

feerent pitch. An important form of resonator is shown 

|e309. 

How 13 this reeuforcement effected? When the prong a moves 
from one extremity of its arc a' to the other a", it senda a con- 
densation down the tube ; this condensation striking tho surface 
of the water, is reflected by it up the tube. Now suppose that 
tlie front of this reflected condensation should just reach the 
[irong at the instant it ia starting on its retreat from a" to ft' i 
then the reflected condensation will conspire with the condensa- 
tion formed by the prong in its retreat to make a greater con- 
densation in the air outside the tube. Again the retreat of tlie 
prong from a" to a' produces in its rear a rarefaction, which also 
■xnns down the tube, is reflected, and will roach the prong at the 
btstant it ia about to return from a' to a", and to cause a rare-. 



faetMNi in Hi nw; tt w e two nupebuttoiw waawhig ti U 
directKNi oonspire to prodooe an intensified naebcttiA. 
original sounds thns combine with tiieir edioes to prodmB 
nanoe ; iHit tfaia can only hai^^en when the like puts of 
wave coincide eadi with eadi ; fbr if tibe tube were 
longer or shorter than it is, it is plain that condensalioiis 
meet rarefactions in the tube, and tend to destroy one mMUi 
The loudness of sound of all wind InstmmentB is due tDtt 
rpsonance of the air contained within tbem. A simple vibn^ 
tory movement at the moutli or orifice of the instrumnii 
B<*arccly audible in itself, sudi as tlie vibration of a reed in roii 
pipes, or a pulsatory movement of the air produced by the pii-' 
8age of a thin sheet of ur over a sharp wooden or metallic eJIgB, 
as iu organ pipes, flutes, and flageolets, or more simply flfll 
by the IHction of a gentle stream of breatii from the lips sent 
obliquely across the open end of a dosed tube, bottle, or pea- 
FiK. 211. case, is suflSdent to set the large body of endosel 
^ air in the instrument into vibration, and thus ie8s* 

I forced, the sound becomes audible at long distanoes. 

Kxperinient 2. Attach a rose gas-burner A, Figure 
211, to a metal gas tube about 1™ in length, and connect 
this h\ a rubber tube with a gas-burner. Light the gas 
at the rose burner, and you will hear a low rustling 
noise. Kemove the conical cap from the long tin tube 
(Fig. 20(>, page 278), support the tube in a vertical po- 
sition, and gradually raise the burner into the tube; 
when it reaches a certain point not far up, the body of 
air in the tube will catch up the vibrations, and give out 
a deafening sound that will shake the walls and furni- 
ture in the room. 






; 
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_^ § 273. Measuring wave-lengths and veloc- 

ity of sound. — Experiments like tbat described 
on page 291 enable us readily to measure the wave-length 
produced by a fork that makes a given number of vibrations 
r ii» H second, and also to measure the velocity of sound. It is 
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^^ent that if a condensation generated by the prong of tlie 
^ in its forward movement from a' to a" (Fig. 211) met 
•^ no obstacle, its front, meantime, would traverse the dis- 
^oe od^oY twice the distance oc ; hence the length of the eon- 
sensation is the distance od. But a condensation is only one- 
lalf of a wave, and the passage of the prong from a' to a" is 
only one-half of a vibration ; consequently the distance od is 
one-half of a wave-length, and the distance oc is one-fourth 
of a wave-length. The measured distance of oc in this case is 
about 33*°* ; hence the length of wave produced by a C'-fork 
making 256 vibrations in a second is (33*^" X4 =) 1.32™. And 
since a wave from this fork travels 1.32"" in -^-^ of a second, 
it will travel in an entire second (1.32 x 25G = ) 338"\ The 
distance oc is modified by temperature. It is also modified by 
the diameter of the tube. For accuracy about two-thirds of the 
diameter should be added to the length of the tube to obtain 
one-fourth of the wave-length. It is evident that the three 
quantities expressed in the formula 

1 .i velocity 
wave-length = ^^ 

number of vibrations 
bear such a relation to one another that if an}- two are known 
the remaining quantity can be computcKl. It will further be 
observed that with a given velocity the ivave-lenr/th varies 
inversely as the number' of vibrations^ i.e., the greater the num- 
ber of Aibrations per second, the sliorter the wave-length. 

QUESTIONS. 

1. (a) Which produces greater Avave-lcngths, a fork making 250 
vibrations in a second, or one making 512 vibrations in the same time? 
(6) How many times? 

8. Disregarding the diameter of the tube, what number of vibrations 
does a fork make in a second, whose resonance tube is 22.20*^"^ lf>ng, 
when the temperature is 1G° C. ? 

8. What is the wave-lengtli produced by a fork that makes 384 vibra- 
tions in a second, when the temperature is IG^ C? 
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— Is 21 possible for 




It 1. While the fort 

y^* ^^^..J^ ^ ^-^- -- - -> T-^rating in the 

/ ^ x^ c '"T"^ ^ ;•-••::■:-:-=. r^jresc-ziiod in the figure, 

^ -^^hS vT'^S^^b C^ J^ *1-w:t r.^:; ihe fort over in the 

I'.^^rr*. :hr*>uffh a qaarter of a 
rvv.-.'.uii.^s. unril ihe two prongs 
art* :r. :"*e >aiiio horlzoDtal plane, 
w::h :l\r^r edires turDod toward 
the •.'fvnina: ot the iul>e. When 
the fork !ias accomplished one- 
eishth of a revolatioD. andisin 
an oblique position, as in Figure 
212. the rei-uforcement fh>m the 
tube eutirvly disappears, but re- 
apiH'ars when the fork completes 
ii^ .piiirii-r t»r a nv nliitinii. Ui-tiim to the position where there is no 

mil- :uiil riH-lt)M* tin* prnn«r farthest ftom the tulx^. without touch- 

III- III.- f.rk in :i ItuiM* n»ll t»f paper, so as to prevent the sound- 
XX.. . . ! !i\ that pioni: from passinsr into the tube; the 

... ..: iiiu ii-tim tlif vil»r:uion> of tho other pronir immediately 

I \|iriiiiii*iit *J. (arrv. wliiU' soundinir. ti tuninir-fork mounted on 
, .. .'.r-,. '.'v -^iM- 1 i::. "JU-. from ji distance slowly toward a wall 
..i I ■ • ••11 I In- N.»uiiil will l>i*ronK» wavy, risinjr and sinking; at rejju- 
; :i iii'.!\ i" 1 liai In. ai mtain points the condensations and rare- 
I, •11 •! I In- wax IN ad\am-iiiir from the fork will coincide each to 
. I 'i wii'i III'-..- .'I' ihv \\a\c-; rcilcctcd from the wall, and when this is 
i!i. .1 . ill. ..Muiil In l.iihUr. At other points the condensations of the 
\x i\. inii:'. iVxMii ihi' t'ork occur at the same places where the rare- 

i>. II..I1 ,ii 111,- rriUttrd waves occur; and in this case they nearly 
.1. ii.'\ ..Ml- .iiu>ilit'r, and a fainter sound is the result. 



rim. ii appraiN ijial //''" sounds of the same 2>if(^h nuty unite 
■ ' •■•• ■: .' N." If./ .'unl, r (•/• ttralxcr than either alone^ or eren 
« '■ .. . ". •■.■. , .(.■,•.>/•«/'■//</ to thi ir difference of phase and their reUt- 
.' ". .■•.•■.■.•..■//,>■. Whi'ii like phases of two sets of sound-wiives 
«i»iiuMdc. '• .. ioiulcusation witli contlensation. ami nuvfucti«m 
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1 rarefaction, the result is, as we might expect, an intensified 
In this case the air-particlee are subject to the action 
f two joint forces iu the same direction, which teuds to quicken 
tiieir motions. Ou the other hand, when unlike phases of two 
sets of sound-waves coincide, I'.e., the condensations of one set of! 
naves with the rarefactions of another, as would happen if one 
set of waves should be half of a wave-leugtli behind the other ; 
the air-particlea will be subject to two forces in opposite direc- 
tions ; and the evident result of an equal tendency to the two 
opposing forces is a state of repose. 

§ 275. Forced and sympathetic vibrations. — Ksperi- 

ment I- Suspend by a striug 1" loug a stone weighing nbout 2''. 
Swing tho stone, and learn its rate of vibration; then stop it, andhlow 
Identic puffs of lircatli against tlie stone in the same periods. The Urat 
few putB produce no visible effect; but, persevering, the stone will 
soon move visibly, and after a, large oomber 
of tbesc feeble impnises, the stone will move 
throogh a wide arc, and will require eonsfd- 
erable force to stop it. 

Experiment 2. Suspenil from a. frame 
several pendulnms. A, B, C, etc. (Fig. 313). 
A and D are each l" long, C a little longer, 
and B and E shorter. Set A Id vibration, and 
slight Impulsea will be communicated through 
the ffiinie to D and canae it to vibrate. The 
vibration-period of D being the sariie as thnt 
of A, all the Impulses tend to accumulnte mo- 
tion In D, ao that It soon vibrates tlirough 

arcs OS large as those of A. On the other liatid, C, B, and E, having 
dUTerent rates of vibration from that of A, will at first acquire a slight, 
motion, but soon their vibriitions will be in opposition to those of A,.. 
and then the Impulses received from A will tend to destroy the slight 
motion they had previously acquired. 

Experiment 3. Hang up, a few feet distaut from the pendulum of 
Bxp. 1, a bullet or shot by a shorter Btring, and connect the bullet and 
e by a tight thread. Set the stone swinging, and the bullet must 
e la the same period, although its natural time of vibration ia 
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ICxpcrUnent 4. I'rcHS down gt'nU; one of the k^ys of apiutoMK ' 
ta nl«<' thn ilaroptrr wUhuul uiAtEing aiiy sound. Mid Ihea «ing lin% 
lnU> llif liistrumfut the correspondiug not«. The string corretpnd' 
iug U) iliU note will be thrown Into vibrftiions ibat can be iieirdtv 
Mvi-nl Krt-onds nft«r tlie voice ceases. If anotlier noU be snn^, ^ 
atrbi;; will not rr^ipond audibly. 

IttkXtr tlu' ilamperK (tom all the striogs of the piano by preesi!^* 
[oot on tlio rlght-haud pedtti, and sing strongly some nole Into Ik* 
plknii, Allhuugh all the strings are free to vibrate. odI; those tliM 
cortcxpond to the note you sing (i.e., those that are u^ble ofn 
th« Muno uuinber ot vibraliouii per second a« are produced ti 
volc'e). will reapoDd loudly. 

Kxi>prlment 5. Take two forks, A and E (Fig. 2U), trnicil eiwtlj 
111 uiilaoii, ami mouuled on resonanee-boxcs, and place them fromthKe 
to ten meters apart. Failcsi 
by a bit of scaling-n&i, > 
Ihreail to a thin piece of gli^ 
13™° square (glass used fomJ- 
croscopic mountings is the 
best, or a piece of photograplilt T 
tintype plate will answer ve\i). | 
I ind suspend so as to toach ^ 1 
earner of one of the prungf "f 
the I'ork B. Set the fork A in 
vilinitiuii (ly i(ru\iiii^ a. rcsiued bass-viol bow strongly across (Ju: «itib 
of its prongs. Ill about ten seconds stop the vibrations of A wltJi the 
fingers, and you wilt see and hear the piece of glass rattling against 
the pronjT of the fork B ; remove the glass, and place the ear near tbe 
fork B, or l>etter, the open end of the bor, and you may hear a distinct 
sound, slion-liig that the fork B lias been thrown Into a state of vibn- 
tlon by thu fork A. 

So tliG pulses that traverse the air between the forks, so 
gentle that only the sensitive organ of the ear can perceive 
them, become great enongh to move the rigid steel when their 
blows, dealt at the rate of perhaps 512 in a second, add them- 
selves together. The large number of blows make np for the 
feebleness of each by itself. 

These experiments show that a vibrating body t«nds to make 
other bodies near it vibrate iu its own period. The vibrations 
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thus caused are called forced vibrations. These occur, in Exp. 2, 
with B, C, and E ; in the vibrations of sounding-boards, and 
of the naembrane and fluids of the ear (page Slo), and in the 
ak when transmitting a sound-wave, etc. But as the period of 
the incident waves coincides more and more nearly with the 
period of the second body, the amplitude of the vibrations of 
the latter becomes greater and greater, until finally its vibration 
is uniform, like D (Fig. 213), not irregular, like B, C, and E. 
Such are called sympcUhetic vibrations^ as in Exps. 4. and 5. 

§ 276. Distinction between noise and musical sound. 
If the body that strikes the air deals it but a single blow, like the 
dischai^e of a fire-cracker, the ear receives but a single sliock, 
and the result is called a noise. If several shocks are slowly 
received by the ear in succession, the ear distinguishes them 
as so many separate noises. If, however, the body that strikes 
the air is in vibration, and deals it a great number of little blows 
in a second, or if a large number of fii^e-crackers are discharged 
one after another very rapidly, so that the ear is unable to dis- 
tinguish the individual shocks, the effect produced is that of one* 
continuous sound, which may be pleasing to the ear ; and, if so, 
it is called a mxmcal sound. But continuity of sound does not 
necessarily render it musical. The sound produced by a hun- 
dred children beating various articles in a room with (!lul)s 
might not be lacking in continuity, ])ut it would be an intoler- 
able noise. There would be wanting those elements that please 
the ear ; viz., regularity both in periodicity and intensity of the 
shocks which it receives. The distinction between music and 
noise is, generally speaking, a distinction between the agreeable 
and the disagreeable, between regularity and confusion, lite 
characteristics of a musical sound are regularity and simplicity. 



XLIII- I'lTCH OF SOrNT>S. 
{ 377. On what pitoh depends. ~ Draw Uie fingn-iunl 
slowly, ami tlii^u rapidl}-, across the t««th of a comb. Tlietto 
iniiHieal eonii'lit protlucut are commonly described a^ lor v 
'frvitv, mid hi'jh nr at-ute, aii<] the bight of a musical souui ii 
cnlUfl iiittli. What is the catise of n difference in hi^l « 
pitch of two aoancU? 

Kxpertment. Proetiie a circular shc^t-irai) or pasteboard ilist * 
Vlgurv ai.>. 30" In iMnnifitar. From the center of the dUk descrilt i 
Rlrclc with a radius of 1?™. Id the cireumfn- 
i-nce of tbU circle, with a pancli, cut ba 
In diameter, leavtag equal iDtervals of abwitS" 
botween the holes. Insert in a rubber tube • 
piece of glass tube B, of 1«> bore, drawi 
one end so that ibt orifice is about i™^ in &iat- 
Wr. Attacli tlic dislL to some rotating- apparatoa, 
hold the small orifice of the gUss tabe opposite 
tlie holes, and blow steadily through the ti~ 
and rotate the disk at first very slowly and lucu 
withgrnduallj- increasing rapidity. ThelireaOi. I 
as It makes Its exit from the tube, canuot esMpe 
continuously through the holes, but is cutopbl 
tiic passing obstructions into a serleit of pul&, 
H'hich at Urst are heard as so many distinct 
sounds; as the speed increases, the number o( 
pulTs in a second Increases, until the ear can M 
longer separate tbcni, when they hlend together 
III a ili'ep sound of a definite pitch. 

Tlic peciiliaHt; of this instrument is that it does not produce 
Houiid liy its own vibi-ations. Every time the air ia driven 
through ft hole, it produces a ptilse of condensation in the air 
lieyoiid ; and during the interval between the Buccessive dia- 
chargea, a pulse of rarofaction will he caused by the elasticity of 
tlic air, so that the result is the same, so far as the effect on 
the air medium is concerned, as if a body were vibrating 
in it. As the velocity increases, the pitch constantly rises, 




aH, at the grentest speed potiveiiiently attainable, it becomes 
Painfully shrill. Varying the force of the breath affocts the 
'ondness of the sound, but does not affect ite pitch. 

We learned on page 203 that on the number of vibrations iu 
a aecoud, called the vibraiian-frequene;!, depends the wave- 
length. So we have discovered the important fact that jiitfJt 
(l«pend« upim vibration-frequency or wave.-ltiiylh, i.e., the yreater 
tlie number of vibrations per second, ur the nhorler the wave- 
length, the higher the pitch. 

QUESTIONS AND EXERCISES. 

1. Wliy docs the snme bell nlwraya give a souud of the same pitchF 
3. {a) What ia tlie effect of strlkliiy a bell with different dcgreea of 

force? (6) What change in the vibrotiona Is produced? (a) Wliftt 

property of sound remnina the aame? 

3. (a) Strike a hey of a piano and hold It down ; what is the only 
cliange yon observe hi the aouiid produced while It remains audible? 
{!,) Wliat Is the caurie of this change? 

4. Rake the t«eth of a comb wltJi a llciger-nail, at first slowly, then 
iltiickly. and account for the difference hi the character of the souuda 
produced. 

■ S. (o) On what does pitch depeud? (d) On what, loudnesa? 

S 278. How to find the vibration-frequency of a tone. — 
Siren. — The perforated wheel described above ia a cheap 
imitation of a portion of an importaut instrument called a sireA. 
The inati-ument completed lias an attachment called a counter, 
which shows the number of revolutions the wheel maltes in a 
given time. 

Snpi>09e that it is required to ascertain the number of vibra- 
tions per second necessary to produce a given pitch. Toko 
some instraraent tliat gives the required pitch, e.g., a tuning- 
fork, set it in vibration ; also rotate the siren, causing the pitch 
of its sound gradually to rise until it corresponds with the pitch 
of the fork ; then, suBtaining that pitch, set the counter in oper- 
ation, and at the end of a given time read off the number o( 
revolutions made by the wheel ; this number, multiplied by the 
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I 279. MOKic*! soala. — Lcng before maj ose had jUanplK 
In DihI Iht? frvquenc]' of rtbntioii of a sottodias body, nut 
hiul tiMMi n ■Dncearian of aoands. cfiff^ring- in piu4. 
frirriHil ttit; No-csUei] nnuJeaf Kofc, or ^-aufl, umI wvre familtu 
with iU jnterrals. Vctr cliffereDt scmlea hare eatisSed n 
cluia of (litTcrent agen and oatMos. We ou fnd » sale 
wlU nearly or csactlj satisfy modem moBieal ens an 
V.itr«lM'.iat» und Americans on a w«n>taned piano or orgmn. € 
Nilcli a )iianii, hy the siren or otherwise, it is found that the ndit 
fiillfrl iniiMle C (C) has. ou the Wit ,\incri«Hl' ' 
iiiMtninientii, about 27o double TibradooB pis' 
wit^ond ; on GermaD, 264 ; while the French 
legal standard is 361. Physical appsratos is 
UHimlly based on C'= 256 vibrations, 256 being 
a iwwci' of 2. Assuming C = 264 vibrationB, 
! extend our measures up and down flie 
H(-ale, or get a violinist or singer to perform 
near an instrument that counts the vibralJODB, 
".f/., the airen, nuinbers f^jeeing very closely 
with thoue given in Figure 216 are obtwned; 
lie's ear is accurate enough to play or sing 
m^ly the same on two trials. Since the ear 
JH wlioUy incapable of determining the number 
of vibrations corresponding to a given note, 
but Im capable of determining with wondrous 
|imclMli)ii the riillo of till) vibration numl>ers of two Dotes, it is 
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^H T.tJir^S OF THE SCALE AN1> HEARING, 801 

^^^B that all music must depetui npou tbe re(!ogiiitiou of bucIi 
^^BB. For this reaBon the numbers in the third ouhimn are of 
^^Kt importance. The eighth note, above or below a given 
^^H, counting the giveu note as one, is cnllw.1 iin eighth, — more 
^^^BKHiIyi an octave, — above or below. Thns C b the octave 
^^^•e C, and C_i an octave below. In a siniilar mauuei' B is 
^^Kd the second, and G the Ji/Vi, etc., in the aciile in which C 
^^Rbe prime or first note. 

^K PROBLEMS. 

^^H Find the vibration number for euch note of the scale of which 

^^^B the ftrat note. 

^^H What is the TibratioQ uumticr of C-i, an octave helow C ? 

BVt Find the ivave-lengtli correspouding to eaeh note of the scale of 

Wwch C is the llrst, when the temperatnrc of the air ta IG" C. ? 

4. Finii the length of a resonance tnhe (Ulsregardiug Its diameter), 

doseil at one end, which will respond Ui C when the temperature is 

IG'C-? 

§ 280. liimits of the scale and hearing. — The lowest 
note of ii 7J octave piano makes about 27J, the highest, 4,224 
vibrations per second ; but these extreme notes have little musical 
value, and the lowest notes are only used for their harmonics {see 
page 305) . The range of the human voice lies between 100 and 
1,000 vibrations per second, or a little more than three octaves ; 
an ordinary singer has about the compass of two octaves. 

The ear is capable of heaving vibrations far exceeding in num- 
ber the requirements of music. It can appreciate sounds arising 
from 32 to 38,000 vibrations' per second, i.e., a range of about 
eleven octaves, and a corresponding range of wave-length be- 
tween seventy feet and three or fonr-tcntha of an inch. These 
numbers vary, however, considerai'ly with the person. Kxcep- 
tional ears can hear as many as 60,000 vibrations. Some ears 
can hear a bat's cry, or the creaking of a cricket ; others cannot. 
Singing mice are sometimes placed on exhibition. Of those 
who go to hear them, some can hear nothing, others a little, and 
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otben again ean bear nmcli. In the sbiU^ to hear ahirp 
•ooDiL*. oo aninul u supeiiar to tfae cat, wbich finds twi pn 
in tht ilarfc br its sqnealu^. 

§ 3BL Beats. — K>pertB>rat 1. Strike Eimultuieonsi; tlie lo<f«t I 
note or* pbnouMi it^ :^hmip (black key nest above), and listen to Uk 



It X. Take two forkf which make eb« aaine munbrrol | 
rUmtioiaa per second <pai;e 296j. load one of the prongs of oi 
by Bticklng to it a sinill bail of wax, and thereby caose it to 
few leas Tlbrutioiu per second llian the other. Set botb Ibito In fibri' 
Uon. and note the rej^nlt. 

lu botli eases you will hear a peculiar wavy or throbbiag 
aoun<), caiisi:^ bj an alternate ristng and sinking in loodnese. 
These alteruatioDB in loudness are called beat». 



!\/m/mxmf%Aj 



Let the coiitlimoiis curve line A C (Fig. 217) represent a series of 
waves proceeding Tirom the prongs of the loaded fork, and the dotted 
line a scries of waves proceeding from the other fork. As ezplBined 
oil page 311, the elevations of these waves may represent Hie distance 
the air-particle has been moved in the condensed part of the wave; 
slNiilarly with the depressions for the rarefied part. Now the waves 
from botli forks may start together at A ; bat as the waves from tlie 
loaded fork are given less frequently, so are they correspondingly 
longer and lag beliind ; and at certain intervals, as at B, condensa- 
tions will correspond with rarefectlons, producing by their interference 
momentary silence, too short, liowever, to be perceived ; bat the sound 
as received by the ear is eorrectly represented in Its varying loudness 
by the curved line iu the lower part of the figure. This line represents 
the exact resultant of the two alternately concurring and opposing 
forces on the particles of the air between the Ibrks and the ear. 
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If one of the forks makes 2o0 vibrations, and thr otlii^r '/^tft 
vibrations in a second, it is apparent that oihv dtiriii<7 iUv hw- 
ond the condensation of one scries of waves will coiiicidi' with 
the condensation of the other, pnxluciii^ a sound of niaxiiiiuin 
intensit}' ; and once during the same time the eoiKh'iiNutioii of 
the one will coincide with the rarefaction of the otlu>r. pnNluciii); 
a sound of minimum intensity ; this will cause just onr heat per 
second. If there is a diflference of two vibrations per second 
between the two forks, then there will Ihj two Ix^ats \}vv second. 

In every case tJie number of beats per sectrnd diw to tmt Himph* 
tones is equal to the difference of their resjtectict' rihnttittti-nu tu- 
bers. The sensation produced on the ear by such a thn)!>l»in«; 
sound, when the beats are sufficiently fre(iuent, is unpleasant, 
for the similar reason that the sensation proiluced by Hashes of 
light that enter the eye, when 3*ou walk on the shady side of a 
picket fence, is unpleasant. The unpleasant sensation produced 
by beats is called by musicians discord. 



Fifir. 218. 



XLIV. VIBRATION OF STKlX(iS. 

§ 282. Sononieter. — Experiment. Take a piece of violin-string 
or piano-wire a little longer than your table. Fasten one tMul to a 
nail in one end of the table, 
and pass the other end over 
a pulley fastened to the 
other end of the table, and 
to this end of the string 
suspend a pail containing 
sand, the two weighing just 
a pound. Place under the 
string, near the ends of the 
table, two wedge-shaped 
bridges A and B (Fig. 218). An apparatus thus arranged is called a so- 
nometer. Pluck the string with the fingers near the middle, causing it 
to Yibrate, and note the pitch of the sound, and the length of the string 
between the bridges. Move the bridge A toward B ; the pitch rises 
88 the Yibrating portion of the string is shortened. Vary the position 
of A nntil a pitch is obtained an octave above the pitch given at first, 
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anil 11 will l>c Ihoiul that the slrhig la Just ontshalf Its original Icngdii I 
l.r., hji hairing Ih* ttring iU vlhriUlnn-aumfMir U doubted. At two-tbirdi j 
IIH original length, tt gives a note &t iin intervtil ot a. Ilftb H!)or» UUtjl 
Hlven liy tw origlmil Ic^ngth; and geiKrallj the rer.iproeals of the fradkttH 
(pogrSDO), reprffriUitt'j Ihe tclatlitevihratirin-iiu'nibeTaofthe»e':emJ'MM^ 
>if a ifalf, repreient the relatiim Ifngthg of the strings that producflSM I 

Now, lin'rtMWlng thp weight in the pnil, the pitcli rises, till, wien ll«. 
IciiKioii U four pounds, the pitch lias risen an octave. I^t tlie ten- 
hliiB be the HBme; trj another string, weighing, for the same lonpliii 
Tour tiuicH a.* much ; the pitch ts an octave lower than that given bj 
the lighter striag. (These experiments wlU not give yeiy acearate 
' rennlts.) 

These concliisiona may be Biiinmarized by saying : The viTm- 
rinn-nitmbera of Btriw/x of the same material var}/ inversdy an 
Iheir lenrjthn and agvaj-e roots of their weights, and directly n9 Oie 
fl'/'/(»i'p roots of their tenaion. 

QUESTIONS AND PROBLEMS. 

1. Why il'ic's a violinist linger the strings of the violin when 

B. F.xniniiie the strings of a piano, and ascertain the riiffercnt iiielli- 
cxIk hy wliiirli a wide rangu orpitcli in effected. 

3. How <loes tlie length of the string that gives the note F compare 
wltli tlic lengtli of the C-strlug l>elow it, other things being equal? 



XI.V. OVERTONES AND HARMONICS. 

§ 283. Vibration in parts. — Experiment l. Hang up a rubber 
tube AC (Fig. 219), S™ long, filled with sand, fastening both ends- 
I'lucli it near the middle, and it will swing to and fro as a whole (2), at 
a rate dependent on Its length, tension, etc. Hold it fast at B (3), ard- 
pluck it at a point hsJf-way between A and B. Both halves are thrown 
Into independent vibrations, and continue so lo vibrate for a brief lime 
after the hand is withdrawn from B. Again hold it fast at B, one- 
third its length above A (4), and pluck It half-waj between A and B; 
the lengtli BC Instantly divides itself at B' into two equal parts, and 
on withdrawing the hand from B, the whole tube is seen to vibrate 
lu three distinct and cqnal sections. In a similar manner It may be 
made to vibrate in four, five, etc., sections. 
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H of the above experiments raay hp repeateri with the same 
» on the string of the sonometer. Ry placing paper riders' 
[ the string, the ventral segments and the nodes uan be 
r discovereil, as those placed near the oenter of the seg- 
i will be thrown off, j,.,j. .j|g 

b those at the nodes n 
in comparatively at rest. I 
e Bonnds coming from I 
Sng or other body t!mt I 
parts are called | 

f/oerloiiea. If, as is the c 

with a string or a cohimu of | 

air in an oi^an pipe (page 

321), the vibration- immber I 

of thu overtone is just two, I 

three, four, etc., times that I 

of the fundamental or lowest | 

tone, the sonnd is calletl ii 

harTaonic. Many overtones I 

can he prodnced from a sU^el I 

bar or a metiillic plate, but f 

no harmonics. This distinc- I 

tiou is of great importance, 

for, practically, no musical inatrnmeiita tiw. i)f innc'h use nuiesa 

their vibrating parts furnish harmonics. 

g 284. Goinplez vibrationB. — Experiment l. Strike one of 
the lowest notes of ii piano, hold tlic key down, and immeaiatcly 
PPPly the tip or the finger to some point of the wire stmcfc, and notice 
any changes In tone that may occur after applying the tluger. Bepeat 
this at many points along the string. If. after touching the string, tlie 
Aindamental tone coutlnnos, it shows that you have tonehed a node, 
and consequently have not stopped the vibraLious by which this tone 
is produced; still yon will notice that the sound, though u«t changed 
in pitch, is changed somewhat in ([iiality (see page SOR). If the /tmda- 
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inrtitul sou ml disappears, there will most probably be a sonndofa 
lii};lu'r pit<'Ii that will continue^ showing that although yon hare stopped 
our set of vil)ratioiis, there were still other Tibrations in the string of 
a hi;;li<'r vll)rat ion-period which you did not stop, and which nowbe- 
roiiic aiidll)le siiin; the louder fundamental is silenced. 

Kxpt'rlment 2. Press down the C '-key (middle C) gently, so tint 
it will not sound; and while hoUiing it down, strike the C-wiie 
.stn>iiKly. In a few seconds release the key, so that its damper will stop 
the vil)rations of the string that was struck, and yoa will hear a soQod 
wlilrli you will recognize by its pitch as coming from the C'-wire. 
IMucr your flngcr lightly on the C'-wire, and you will find that it is 
iu<ice(1 vil>niting. Tress down the right pedal with the foot, so is 
to lift the dampers flrom all the wires, strike the C-key, and tooch 
with the finger the C'-wire; it vibrates. Touch the keys next to C, 
\i/.., H and I)'; they have only a slight forced vibration. Touch G'; 
it vihratt'H. 

Now it iw evident that the vibrations of the C and G'-wires 
ai'i* sympiithetic^ But a C-wire vibrating as a whole cannot 
(•:iiiMO Hynipathotic vibrations in a C'-wire ; but, if it vibrates in 
hjilvcs, it may. Hence, we conclude that when the C-wire was 
slnK'k it vi1)rjitt'(l, not onlj' as a whole, giving a sound of its 
own pitch, hut also in halves; and the result of this latter set 
of \il nations was, that an additional sound was produced by 
this wire, just an octave higher than the first-mentioned soimcl 

Auain, the (i'-wirc makes 702 vibrations in a second, or 
thicc times as many (2(M) as are made by the C-wire ; hence 
the latter w ii'e, in a(hlition to its vibrations as a whole and in 
halves, nuist have vibrated iu thirds, inasmuch as it caused the 
(J '-wire to vil)ratc. It thus appears that a sti'ing may vibrate 
at the same time as a whole, in halves, thirds, etc., and the 
resuh is that a .srnsafion is produced that is compounded of the 
s('ns<iti(His of son't'df sounds of differed jntch, 

Xot only do stringed instruments produce compound tones, 
l)ut no ordinary nmsical instrument is capable of producing a 
siniph' ton(\ i.e., a sound generated by vibrations of a single 
period. In other words, ?r//e/i any note of any viusical instni' 
"inent is sounded^ there is produced^ in addition to the primary 
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tone, a number of other tones in a progreMire tu^rien^ etmh tone of 
the series being usually of less intensity than tho prfrvdintj. T\\v 
primary or lowest tone of a note is usually ButllcitMitly intt'UMi* 
to be the most prominent, and hence is (^alUnl th* fundn mental 

tone. 

§ 285. Cause of hannony and discord. — The hurinonics 
in any note are produced successively hy two, threis etc, tiiiws 
the number of vibrations made by its fundanuMital. lli'iuo, 
if any two notes an octave apart, — for instiuuv, C and (", — 
are sounded simultaneously, there will result for 

J ' ' ' ' ' ' , *' >■ times the number of vibrations made 
t', 2, 4, 6, etc., ) 

by the fundamental of C. So that the fundanientiil of (", and 
each of its overtones (with the exception of the highest, which 
are too feeble to affect the general result) coincides witli ont» of 
the overtones of C. Not only is there perfect iigreenient ainontr 
the overtones of two notes an octave apart when sounded to- 
gether, as when male and female voices uniti* iu singing tln» 
same part of a melody, but the richness and vivacity of tlie 
sound is much increased thereby. TJicU two notes sounded to- 
gether may harmonize^ it is essential not onJi/ that the j^f'tch of 
tJieir fundamental tones be so widely different that they cannot 
'produce audible beats^ but that no beats shall he formed by their 
overtones, or by an overtone and a fundanientaL 

For example, the vibratioii-minibcrs of the fiindainciitals of C and 
its octave C are respectively 2G4 and 628, and the number of beats tliat 
they give is 264 in a second. If, instead of C, a note, tlie vibration- 
number of whose fundamental is 527, is sounded with C, tlie number of 
heats produced by their fundamentals would be 203, and no discord 
would result therefi'om (why?) ; but there would be one beat per second 
between the first overtone of C and the fundamental of C, and this 
woold introduce a discord. 

Observe that the relation between the vibration-numbers of 
the fundamentals of C and C, C and G, C and F, and C, of 
any diatonic scale and any note in the same scale, can be 



SOCJdX 

» p. 3liU}. GiUMfTallj. fAoiv »ofsii aiui only thorn hanmnaX 
f frnmluHun^ai Unte* Vur Ut otm aiuitktr ratio* trpn-mi 

I a/ th* ntfaMi !•/ rihntliim, tA« morn j^rfert U (** *M 
I Woiiy ••/ "iro JDBiufau 

It foOnwi. fmm wbat Ium hrra B.iid. that only a Kmiud nnu 
n be sobikIm] wTth any grveo note assumed a 
llfKiiBc iriilioBt ^nmting discord. Henc«. the tansieiil seile i^ 
I IfapltMl Ut evttain dKetifiiiut« (le^rtvw»- repn?aeiited by the eight 
nntp* nt Ibr Hi^^vllml miuirai ur iHatimic scale. This SCaJe 
not Ihn tvanlt at nny wiiitrarT or fanrif ol arrangement, but 
ilcUruiPMl hy ttw paauibBi^ of its not«s harmonizing with Qie 
primr tif the Biafe, both as recants their f imiianieiital tones td 
tlKlr ^iTEfiona. 

EXERCISES. 

1. rrrfiwp a tahk at the srrUs of orertoncs of C and G respcctirclf , 
a* nn pagi* Snr, anil osccnaln nhat orertoiie!) of the two series lat- 

!. .Vrrjingc the nolcs of tlio .lialoiiic SL'tilt in a t-'mgl.- cirtive in H'' 
orrlrr i<t tlieir rank with reference to their hannoniziDgwith the priw 
i>r the scale, on the principle that " the smaller the nnmlters wbicli 
express tht- ratio." etc. 

S. \ erif)' jdur ecmclii.sions as foUows : Strike the C-key of a piano. 
toEPllier wilh each of the seven white kevs above it, consecntirely. and 
ec>iii|>arc the results of the dilfereDt pairs with reference to harmony. 



ANALYSIB OF SOUNDS. 

XLVI. QL-ALITY OF SOL'ND. 
Let the «aine note be sounded with the same iutensity, suo^ 
<ws8ively. on a variety of muBieal instrnmentB, e.ij.^ a violin. 
I poitict, clarinet, iitcordion, jews-harp, etc. ; eacli iustninienfi 
1 send to your ear the aame niitnlier of waves, and the wave^ 
a each will strike tlie ear with the same force, yet the ear is 
B to dislingnish a decided difference between the sounds, — « 
iffereoce that enables us instantly to identify the instntmenfa 
a which they come. Sounds from iustrumeuts of the 8ume 
i, but by different makers, usuiilly exhibit decided differences 
I character. For iustauce, of two piauos, the sound of one 
U l>e described as richer and fuller, or more ringing, or more 
" etc., than the other. No two human voices sound 
itly alike. That difference in the character of sounds, not 
\ to pitch or intensity, that enables us to distinguish one 
1 another, is called quality. Two sounds may differ from' 
t aoaihBV in loud-neim, pitch, or quality ; thttij can differ in no 
r respect. 
EHtch depends on frequency of vibrations, loudnesa on their 
qilitude; ou ■u'hat (foes qunlity di^endf 

i. Analysis of sounds. — The unnided ear is unable, ex- 
a very limited exteut, to pi^ 2^^ 

1 the Individual tonos 
that compose a note. Ilelmholtz 
arranged a series of resunators 
^^maslsting of hollow spheres iif 
^Hpass, each having two openiii!;s : 
^^Ee (A, Fig. S20) large, for the 
^^Bbeptioaof thesotiDd-wave^.aiid I 
^^fte other (B) small and ftiuju^I- 
ahaped, and adapted for insertion 
Into the ear. Each resoniitor of 
the aeriea was adapted by its size 

Presonnd powerfully to ouly a, 
igle tone of a definite pilch. Wbeo any mnsleal sound la produced 
front of theac resonators, the oar, placed at the orlflee of any one, 
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m. COMPOSITION OF SONOROUS VIBRATIONS, AND THE 
KKSULTANT WAVE-FOKMS. 
. Method of representing sound vibrations ip^aph- 
— It is evident that there must lie ii piirtifular aerial 
re-form correspouditig to each compoumi vibration, other- 
ear would not be able to appreciate a difference in 
■lity of Bounds to which these combination-forms give rise. 
Y particle of air engaged in ti-ansmitting a tompound sonnd 
I simultaaeously acted upon by several sets of vibratory move- 
ments, and it remains to investigate what its motion will be 
under their joint influence. 




) light wave-lines AB (Fig. 221) represent typically two 
) of aerial sound-waves, correapondmg respectively to a 
idaraental aud its first overtone. The hea^y line represents 
the form of the joint wave which results from the combinition 
of the two constituents. If we suppose lines iierpondiciilar to tho 
axis, that is, to the dotted line, or line ol repose, to be drawn 
^each point in this Ime, as nb, cd, eF etc , they will represent 
Y their varying lengths the displacement of any particle in a 
rating body, or any particle of air traversed by sound-waves, 
a its normal position. 

) rectangular diagram C D is intended to represent i por 

I of a tranverse section of a bod\ of air traversed by the 

! represented by tho heavj wa\e-lmc abo\c Tho 



I 




of dtc wMnilii^t of the two (Ms ofribnuloiis. 



itMikaInt the \\t^Kf of n 

br an mstiDineoi cilleil ij 
A $owid two ocuitea ^^^ 
aad Ihf third line ftbovs Hit n 




In an rtahoral^ appnratns Failed the l-{!"irripJi, a t)iin ntpaitiraiif 
gold-bttttcr's skin carries * marker resembling the point of S st] 
graphic peu. When a person sings or lalks to this membianc. It tn 
upon paper a grapiiic represeutation of the varying air pre-ssiitv. T 
t. all the changes in I.iie density of the air. and all the moTements of 
plircn alr-particle during the passag'' of the Hooad-wnres, arc nui 
leplctcd Id a line traced bj the marker on a passing paper: just as I 
p AB (Fig. 221) may be said to represent the Mndltl 
ftt the fttr C I>. or of the motion of any particle of it, snpposUig t( 
I marker were attached to it and a paper drawn benealh it at rig 
v 1(1 the path of its motion. The diagram in Figure ffi3 shows t 
tfeimll produeed Uy pronouncing the sentence there givcQ at the r« 
x nyllnhlcn )n a socond. 

Manometrio flames. — Apparatus like that shoii 
In Klguro 2'H may be very easily prepared, and will serve to Utostratel 
• pk'anltiii manner many facts pertaining to sound. Procure a wi 
|illl-l>ox or tooth-pick Iwx A, having a capacity of .lO to 100™». 
« \i>p of Ihu open Ijox Htretcli tightly a circular piece of gold-l 
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■IT, and glue It at its cOges so thnt it may covpf tlie box like tbe 
'lleod of B, drnm. Crowd on the cover, and the box will have two com- 
partments, b and e. Tbrongh tbe bottom of the box, and through the 
cover, pass glass tubes e and d, opening into the compartments. Also 
introduce another tube n through the side of the cover. Connect tbe 
last tube by means of a rubber tube with a gas burner. Attach a piece 
of large-sized rubber tube to the gloss tube e, and into the other ex- 
tremity ot tbe rubber tnbe introduce the small end of a pasteboard 
CDue B, Tbe tube (i t^l:, ki, 

should be drawn out 
so as to be able tu 
give m small flame. 
Place two thin glass 
uiIrnAx M, about 
14™ square, back to 
back, and secure 
tlicm by light frames 
at thft top and bot- 
tom, and In tbe cen- 
ter of each frame 
insert small rods C 
and D. 

Light the gas at 
the extremity of d, 
und hold the mirror 
verticiUly, and ut a 
short distance from 
the flame F; an im- 
age of tbe flame will 
appear In the mirror, 
as represented by A 
(Fig. 235). Rotate 
the mirror, and the 
Qanic appears drawn 

Now sing into the cone B (Fig. 324), the sound of oo in tool, and 
waves of air will run down the tube, beat against the membrane a, ae 
against the drum-head of the ear (see § 290), causing it to vibrate, and 
the membrane in turn acts upon the gas In the compartment c, throwing 
it into vibration. The result is, that instead of a flame appearing in the 
ttating mirror as a continuous baud of light, It is divided up into a 
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SOUND. 



■vrlMi of Uincttes of llglit, as shown lit C ot Figure 335, each i^onilenM 
tioa being ivpn!ei.iitcd b; a toagae, and each rarefaction by o 
bltrrral bctwcvn tlic tongues. If a note an octave higher than tbelM 
U Nung. we obtain, as we shouli] expect, twice as man; Umgues In It 
I siiaeo. na sh'jHn lu D. K represents the resnh when 
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lifliAiliiiiiUiiiiAinidM 
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tonps are pmdnced eimultaneouslj, and illustrates lu a striking 
the pflcct of interference. (Explain.) F represents the resnlt whi 
the vowel e Is sung ou the hey of C ; and G, when the vowel 
o^tte aaiue ie^. These are callefl manomeiTic jiamts. 
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XLVIII. SOME SOUND-RECEIVING INSTRITMENTS. 
§ 290. The ear. —In Figure 320, A repreaents tlie exMrnal 
paBsagu; (1 Is a membrane, culled llie Ci/mpanvm, a, Utile Uilcker than 
golil-lieftter's skin, stretcbed across the bottom or the pasHage, and 
thus closing the orlflce of n cavity 6 In the bones of tho skull called the 
ilrrnn; c i& a chain of smnll bonea stretcliiug ocroaslhednim, and 
Heeling the tympanum with the thin niembrjinons wall of the vtaiibtiU 
b; // are B scries ol semicircular canals opening into the vestibule 




g la die opening into another canal in the form of a uiail-shcll g', 
hence called the eoeMtn (tliia is drawn on a reduced scale) ; «[ la a tube i 
(the EvatatMan Uihe) connecting the drum with the throat; and h is 1 
the auditory oerve. The vestibule and all the canals opening into It I 
are BUed With a transparent liquid which la mainly water. The drum 
of the ear contains air, aud the Enstachlan tube forma a mean 
;s and egress of air through the throat. 
ow how does the en.r hear? aud liow in it able to distiuguiah I 
the inflaite variety of form, rapidity, and intensity O 
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Mfinl iH)ii II c|> wares, so as to iaterpcvc Domellj tb> ec«Tc$pnd- 
iDg <iDalit}-, pitch, ftD<l kradnsM of aooitd? Immi 
tlu! (.-xtcmal car-paflsiigo A vt uceaB-w«T«« enlBr the baji of lb 
Mjn-tmuit, nre reSect<--d iaward, umI »tnke tiw tyiqaaam. Ite 
atr-pnrticK-Hi bcntiiig againet tliia dnii»-be*d. im p i Ma apim it 
the |ir«ciM' wKvc-fnrm Uiot is tnutwmittec} to it tteoo^ tlw lii 
fr<»m tbe Bounding body. Tlie mmtioii r«c«trrd by the tbnm- 
lli'iul is tranHralttod by the- cbain of bones to the membruraU 
Willi of ttic v«"liliuIo. From tlie walls yf tbis cavity projed 
into it« liquid cuntviiUt thooaands of Goe elastic tfafeaila or 
flbroH, whicli wo inny, for uonveDience, call bristU*. EspedaDf 
ill tlw H|i<r&l jtaBBage of the cochlea, aa it becomes smaller aid 
BnmlU^r, tlu-w; vibmtile briHtlcs become of gradually dimtniabiiig 
Iciigtli and nixc (itiiolt iu> the wLree of a piano may rooghlj 
n'i)rt!itoiit) , and ar« tbcivfure suited to resi>ond sympathetioillj 
to R gn-ftl variety of vibration-perioda. This airaogemeDl i» 
BomutiinuM likened to a harp of three tbousaDd (thb beii^ 
about ttiu number of Iiriatlos) stringa. The auditory nerre at I 
it» I'Xtromity is diviikd iiito a large number of filaments, like 
H cinil nnruvollci.1 lU its end, and one of theae fllameals ia 
iittiK'liiMl to each bristle. Now, as the Bound-wares reach 
till' ini'MiliriUKHH wull of the vestibule, they set it, and by 
nii'iinn iif it thu lif|iiid contents, into forced vibration, and so 
lliriJiifjIi till' liijiiid nil the fibres receive an impulse. Those 
hrifttli'M mIiosi! \' i I n-at ion -periods correspond with the periods of 
the cohMtituciiU forming the compound wave are thrown into 
sympiitliftic viliriitiou. The bristles stir the nerve filaments, 
and the nerve transmits to the brain the impressions received. 
Jn^t us ti i)i:iuo, when itti dampers are raised and a person sings 
into it, luiiy be said to analyze each sound, and show by the 
vibrating strings of how many tones it is composed, as well as 
their i'esi>cctivo pitch, and by the amplitude of their vibrations 
their ri'spectivc intensities ; so it is thought this wonderful harp of 
the ear analyzes every complex sound-wave into a series of simple 
vibrations. Tidings of the disturbances are communicated to the 




n, and there, in some mysterious manoer, these disturbances I 
interpreted as Bound of dejinite quality, pitch, and intensity. 

. § 2ffl- Phonograph. — Bigure 227 represents a vertical t 

I of the Edison phonograpli, A metalliu cjliniler A Is rotated byB 
sofa crauk B in the direction Indicated by the arrow. On the eu^ J 
i of the cylinder is cut a shallaw 
1 groove rnnning around the 
■ from end to end, like the 
>f a screw. A small metallic •X 
ir style, projecting from tlie g yx 
r side of a. thin metallic disk o, ^ 
b closes one orlSce of the mouth- 
3, stands directly over the 
By a simple device the cyl- 
, when the crank Is turned, is 
lusde to advance jnst rapidly enough 
to allow the groove to keep constantly 
under the style. The eylindc-r is cov- 
ered with tinfoil. Tlie space E represents the space (greatly exag- 
gerated) between the tinfoil and the bottom of the groove. 

Now, when a person directs Lis voice toward tlie raouth-ptece, the 5 
aerial waves cause the disk o to participate in every motion made by 1 
the particles of air aa they beat against it, and the motion of the disk J 
is commnnicated by the style to the tiafoii, pro- 
ducing thereon impressions or Indentations ns it . 
passes on the rotating cylinder. The result is that 
there is left upon the foil an exact representation 
in relief of every movement made by the style. Some of the indenta- 
tions are quite perceptible to the naked eye, while others are visiblo , 
only with tlie aid of a microscope of high power. Figure 228 repre-- 
senta a. piece of the foil aa it would appear inverted after the indenta-^ 
tions (here greatly exaggerated) have been Imprinted upon it. 

The words addressed to the phonograph having been thus Impressed J 
upon the foil, the mouth-piece and style are temporarily removed, whlle> ■ 
the cylinder is brought back to the position it had wlien the talklngfT 
began, and then the mouth-piece is replaced. Now, evidently, if the 1 
_crBnk Is turned in the same direction as before, the style, resting npon J 
B foil beneath, will he made to play up and down as it passes over I 
fl and sinks into depressions ; this will cause the disk o to repro- 1 
K,tfa4sainB vibratory movemeats Uuit caused the ridges and depres- J 



Fig. ea. 



aousu. 
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'luuiB In tbafnIL Tlu ribnthHW of Um disk art^ cainmQ]i[ca(«dtoth 
>>r vhI ikuuiwlt ilw Air U> tk» car; ami tlins tlie words spoten to 
.L-ii<u«4u^ 'iMj 'w. M It i>«w. *bslua out into the itir ag^nit 
niLiHiiiwMi ubm. vmn cvntarteii »ft«r. K-companied bj Ok e. 
-iBfnt-L lahHuMiDiM. Mii '(iikiltr »< soiOMl of Uie ortg^aL 

$ ttfc Sttinc MlopboiM. —In the phunogr^h, the metallic M 
fi'in- Mi It nttiv. KlUonMttlj. i* lu uoT OBil a tongne. If. liis(«iidaf 
Ita MUM tltkk t>«tH( made to -lo >louI)l£ <laty, two disks (ar, lietter, tv< 
UMMtoMM*!^ A'liit '■— lMr'» 'Mn or lilorddu) cDnnei.-teil by a tltrudvi 
i^Mi, (rUfatr •■■■ ■>( wUcll imif snrve Ha it tougai) and the other eimnl- 
M^hmbU aA-ua OH. I iMiTnnMI'Hi ouy >>» catrietl on bf meaiis ol 

,^^ g thTOOghtonaiderabledisMncia. 

^^^ ^^ Flpw* 229 represents such Bi 

^^m'~~ "~^"^^H MTangemenl, which constitnl«J 

iktt WvlMuiuHtu, iMCnMtKM *Bf. ctiilod the luvrr'a trltgraph, though It 

TtM ■hi— I t* attanimA afciMuk uxtrvtuit? U thu centers of the ni 
kBMM» wlMM iwrwfMM '>rMc* of ««cll of Uu tin 3pe»lt!ng-tiibea A ind 
^ >r i,iMBJq)L tlta DwvMl ihnfuch Um BiuBbniiisa. and tying the bnoU 
«| ih» 'Mtis. \ iwrKMi ■,[«— .ifi>.|[ laio uHu i,f die tube^ throws iu 

'•" !■"" r,™,.,,,, r|„,^, ,,|,„i,k,., ,r., .■,>iiiinimK':tt,e..I throujli 

■ III- ■Lt.il,; ,,. 111,. ,.iiiii- tui.niljrau«, wlufh is thus caused to ribnte in 
iLii-1,'11 i.ii'L ii, ii-.i. !t' now ^uiollier per<ua place his ear nesr the 
,.i(, 1 111, 111 njiii,, 1, ,1111 iio«i lUstiut-tiy ibe words spoken by the first 
■•. 1^1.11, 'ii.'ki-ii I iiLdiiii- I'C ;i mite Uiscuit, wliile other persons sW- 
ii.uoi iiitiii:!.' '>i-n»,vii tii.M! iwo Iie«ir uuthiog. 

II -.-i-.M-. iiuv 11' piv^miii'. ilui if the raoTemente of the hand or 
.•I iiiai tiiiii,'i-> .I'liitI 111.' tviiiliTtrii suiHcieDtlf delicate to imitate these 
:tiitiuii- :ti.Mi'>tit'iii» <>i titf lui'iubrnuu. talkiag misht be accomplished 
"iHi ill, uiiul ...- iuai.ulm.Ty; for lu/itini;, after aH, is o»Ij mecAanieaJ 



$ 39& MtMtrio tHl^phoiie. — tu this Cetepbone the Tibntioos 

oil.- ,ii*k an' n'i>nHli«'i.'<l Ui ^uioclier chwogli the agenc; of electriclly, 
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XT.IX. MUSICAl INSTRUMENTS. 
S 294. Musical instruments may be grouped in three clasaca :■ 
^1) Stringed instruments; (2) wind instniinents, in which the 
a due to the vibration of columns of air confluwl in tubes f 
) instnimeuts in which the vibrator is a membrane or plate. 
a first class has reoeive<l its share of attention ; tiie other twO' 
u little further consideration. 



Bounding air-columns. — Experiment i. Take foor 
IK tubes, A, B, C, and U, respucllvely 48, 4m, 21, anil 12™ long, a: 

a.S™ diameter. Blow gently across iiue of tlic l*iii1» of each; C 
M » sound an ocUve higher tlian A or B, and D an oftave higher j 
Close one of the euds of B, C, and D, and repeut the expert- J 
E, «nd you will find that the uoMs obtained from these Ihree hava 
2 relation to one another. Blow across one end of A, 
h is open at lM)th ends, and across the open end of B ; A gives 
« about an octave higher than B. 

le experiments show (1) that the pitch of vibrating alr- 
..^8, as well na of strings, varies with the lengtb, and tii bolA 
id' and open pipes the number ofvibj-ations is inversely pro- 
■"il to the lenglh of theptpe'; (2) tliat an opeit pipe giws 
n octave higlier than a dosed pipe of the same length. 

Experiment 2. — Blow across tiie orlllcc of B as before, gmdunlly 
Increasing the force of the cnrrent. It will be found that only the 
gentle current will give the full musical fundamental tone of the tube, — 
B little stronger current produces a mere rustling soiuid ; but when tBe 
(brce of the current reaches a certain limit, an overtone will break 
forth; and, on Increasing still furtlier the power of the current, a atUl 
Ugher overtone may be reached. 

Figure 230 represciitfi an open organ-pipe provided with a glass 
Window A 111 one of its sides. A wire hoop B has, Btrctcheil over it, a 
membrane, and the wliolo Is suspended by a liread within thy pipe. If 
the membrane Is placed near the upper end, a buzzing »:ound proceeds 
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n ttw membmte wheo tbe fimdainenul of tke pip« Is Mcndedi a 
d plkccdon Uw membnitc wiB dHKCop aaddontBioftBTeijn 
On lonerlng Uie membcsBe, tbe bmx&i 
t Ihe midJIe of tbe tub*. II ceases tnttrelr. nd the 
i] becomes (joiet. Lowcfine Uw DieiDbrw 
■ Ibe Bound ftiid daociug recommence, and increise »a the f 
Flower em) is approsclied. 

s thus fouDd, tbat (3) when Ike fiatdamfnial of 
I i/pen pipe is ixMiuUd, iU nir-eolimn divides Hsdf 
I ^it<> two equal vibrating sediont, leith tie aniinodet 
mut the extremities of the tube, and a node in Ihe 
|oen/er. 

If the pipe is stopped, there is a node at the 
I stopped end ; if it is open, there is an antiDodc at tbe 
I opeu end ; and Id both cases there b an antinode at 
I tbe end wliere the wind enters, which is always to a 
I certain extent open. 



; and A', B', and ( 

r the positions o 

,n open pip 

.irthesaineleHgth, Tl 

distance butween tl 

ilrittei] lines bliows tl 

rolative amplitudes ( 

11 le vibrations of tl 

nir-partlcles at varion 

points along the tnbi 

3 between a uoile and its nearest antlnode la a quiirt« 

Coiiipai'iiig tUuii A and A', It will be seen tttat t] 
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wave-length of the fundamental of the closed pipe must be twlrr tlir 
wave-length of the fundamental of the open pipe; ht^nce t\\o \ ibriitif)ii- 
period of the latter is half that of the fonner; cotiMiMjuently tii<> fuiiilii- 
mental of the open pipe most be an octave hif^her tlian that of thr 
closed pipe. 

The number of segments into which the length of tlu; :iir-c(il- 
umn is divided, in the three cases of the closed tiihc, an; rcsiiec- 
tively ^, f , and f ; hence the corresponding vibnitioii-numluTrt 
are as 1 : 3 : 5, etc. Hence, (4) in dosed tubes^ only those o/v/*- 
tanes whose vibration-numbers correspond to the odd multiph'n nf 
the fimdamental are present. 

The number of segments into which the length of the nir-col- 
nmn is divided, in the three cases of the open tubo, jire rospi'c- 
tively -J, 1^, and f ; their vibration-numbers are thori'fori' us 
1:2:3, etc. Hence, (5) in open tubes, the complete series of 
overtones corresponding to Us fundamental are present. 



Fig. 232. 





§ 296. Sounding plates. —Experiment. Procure at a hard- 
ware store a perfectly flat piece of sheet brass 2""" thick and 20'^™ 
square. Fasten it at its center to a supporting rod A, Figure 232. 
Scatter on the plate some fine sand, and draw p ^ow star " 
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•ltd flrmlj over one ol Its edgm ncftr & comer; lud at the u 
toQch the middle of one of lis edges with tlie tip of the Dagec; sniiisi- 
eal Moiuut will be produced, and tlic aaad will dance up and donn. uti 
qaleklf collect fu two rowa, extending aeross tbc plate at right inglei 
to oiie snothi^r. Draw tho bow across the middle of on edge, and toad 
with a liiif^T one of Its comers, and the saud will arrange itself in tnii 
diagonal rows (2) across the plate, and the pitch of the note will be i 
SrUi higher. Touch, witli the dbUs of the thumb and foreflnger, m 
points a and b (.1) on one edge, and draw the bow across Uie middle! 
of the oppasllo edge, and you will obtain additlanal rows and a slitUlifr 

By vnrying the position of the points touched and bowed, » 
grcut variety of patterns pan lie obtained, some of them exceed- 
ingly complicated and beautiful. It will be seen that the effect 
of touching the plate with n finger ia to prevent yibratiott st that 
point, and consequently a node is there produced. The whole 
plate then divides itself up into segments with nodal division 
lines in conformity with the node just formed. The sand roll* 
away from those parts which are alternately thrown uito crests 
and iroughs, to Ihe parts that are at rest. 

§ 297. Interference. ~ Experiment. Provide a tin tobe C, 
Fl^'uro 232, 1" long and 5™ in diameter, made in two parts so as W 
teleseopc one wltliin the other. The extremltj of one of the parts 
terminates In two slightly smaller Oranches. Bow the plate, as in the 
first experiment (1). place tlic two orifices of the branches over the 
segments marked with tho + signs, and regulate the length of the tube 
so OS to rcenforce the note given b; the plate, and set the plate is 
vibration. Now turn tho tube aronnd, so that one orifice may be over 
a + segment, and the other over a —segment ; the sound dne to reso- 
nance entirely ceases. It thus appears that the two segments marked 
+ pass through the same phases togetlier; likewise the phases of 
—segments correspond with one another; i.e., when one +segment is 
bent upward, tho other is bent upward, and at the same time the two 
—segments are bent downward ; for, when the two orifices of tho tube 
are placed over two -Hsegments or two —segments, two condensa- 
tions followed by two rarefactions pass up these branches and uuilo 
at their juuctlon to produce a loud sound ; but when one of tho orifices 
la over a +segnjent and the other ovei a — Begmeut, a condensation 
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branch at the same time that a rarefaction passes ii) 
fltber. and the two destroy one another when they come together ; 
Oui two souDd-wavea combine to produce silence. 



goblet ia subject to the b 



I 29a BeUB. — Abello 
of vibration a3 a plutc. 

Experlmont. — Nearly fill a goblet with water, etrew upon the sur- 
face lycopodium powder, and draw a rosined bow gently across thn edge 
of the glass. The surface of the water wUl became rippled with wave- 
lets radiating from four points !)0° apart, corresponding to the cen- 
ters of four ventral segments into which the bell Is divided, and the 
powder will collect in lines proceeding from the nodal points of the 
bell. By toacliing the proper points of a boll or glass with a dnger- 
Ball. it may be made to divide itself, like a plate, into C, 8, 10, etc., 
(always on even number) vibrating ports. 



§ 299. Vocal orffans. — It is dilBcnlt to say which ia more 
to be admired, — the wonderful capabilities of the human voice 
or the extreme simplicity of the means by which it ia pi^oduced. 
The organ of the voice ia a reed instrument situated at the top 
of the windpipe or trachea. A pair of Fig. 2^. 

elastic bauds aa, Figure 233, called the 
vocal chords, is stretched across the top 
of the windpipe. The air-passage 6, 
between these chords, is open while a 
person is breathing ; but when he speaks 
or sings they are brought together ao 
aa to form a narrow, slit-like opening, 
thus forming a sort of double reed, 
which is made to vibrate, when air is 
forced from the lungs through the nar- 
row pasaage. somewhat like the little 
tongue of a toy trumpet. The sounds arc 
ing to the tension of the chords, which i. 
lar action. The cai-itiea of the moutli and the nasal passages 
form a compound resonaucc-tube. Tliis tube adiipts itself, liy 




rave or high accord- 
regulated by muacu- 



f 



S24 aouFD. 

iw Twj-Ing width and length, to the pitch of the note prdond 
br Ujo nuiH chonis, Place a fiiiger on the protubeR 
thr throat c&lled the Adam's apple, and .'^ing a low note; then 
Biag a high note, and you will observe tiiat the protutwran 
in the latter case, thus shortening the distance between the toc^ 
chords and the lips. Set a tuuing-forl{ in vibration, open thf 
month ax if alwut to sing the corresponding note, pli 
ft»rk in front of it. and the cavity of the mouth will resoanil to 
the note of the fork, but will cease to do so when tbe oiouth 
Kda|)tfl itself to the production of some other note. The differ 
«Dt ijiialtlies of the different vowel sounds are prodaccd by 
varying form nt the rfsunating mouth-eavity, the pitch of Uie 
fi)n<la mentals piven by the \"ocal ehoi-ds remaining the 
This constitutes articulalion. 
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Fig. S31. 



L. INTRODUCTION. 
I 300. Light a form, of enersry. -—Exposed to the Ban, "the* 

a warmed, and thus the sense of touch is affected ; it i 
tninated, and thercliy the eenso of sight ia affected; it i 
Bled, and thereby its chemical condition is changed. It is evi- 
t that we receive eomethiug which must come to na from the 
To tiie sense of touch it appears to be heat ; to the eye 
t light ; to certain substances it is a power to produce chemi- 
is. But Kkai is it tJiat we receive 
n the aim? 

Ixperlment. — Blacken one-half of one side of a 
I of glass with candle-smoke. With a convex 
I, sometimes called a ■' burning-glass," converge 
the sun's light upon the blackened portion so as to 
produce a small Inminons spot on the black sart^e. 
This spot quickly becomes very hot, but the lens 
meantime remains comparatively eold. Move the 
luminons spot to the unblockened portion of the 
glass. The spot becomes only slightly heated. 
flace a piece of paper behind and in contact with 
IB glafls, and It quickly bnma. 

Tiether we receive heat from the sun or 
, it is evident that we receive something 
it can be converted into heat. 

fare 284 represents an instrument called 
idiometer. The moving part is a amal! vane 
[lit of a needle. It is so nicely poised on this pivot that it 
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ivtale» wilfa Xbm gnsabait frMMlum. To the exlremiti^ of oA 
id tbn four iLmui <rf Uw nuM um actiwlied ctiaks of &Iumuuim 
wluvta Mv wtube un itae >tdM luiti Ijlock on ifae other. Thewhob 
i» it ntihiiM i in a. jfimmt Iiulb fV>mi wbicU the air is exhansted ti 
twM Uhii itAra uf tliB otigiiMU qnnntiCy is left. If ti»e instnuneDt 
i» oxpwMed Ui tlM «im'« Liglu, or uTea to the light of s, candle. 
Um» whvvl wiU rutetat with llie uiibladieDed faces in advance. 

Iq ;u»t wUut aukonui it is oaused (x> rotate does not coacen 
i». Inti ihb fact tlut it iloMft rutntc. oad tbax it is caused to 
mu(v <Utvt:Uv -jt intttnKtlf by sonKthing that comes from tlie 
sMU i>r Um <3tudl», t» paitiBent lu the ({uestiua before ns. Wheo- 
„vrr a IjHtiy la uaowMl lu nwve or inorease ite rat« of motioii, 
i K> it : beiajCQ ener^ must be imparted 
a by the sun or candle, 
r ul' the t«lje|ilione. has 3uc«>ueded in prodnc- 
il wWmU by Uia autHHi vf ^un-light and otiier intense 
Urttftf Bat ^wund always ahginates in motioa, and niotioii 
wriu^ ouh ItvUi BUinv tonn of (^m»i^'. Sn. thtn. tAat rchich we 
racfii-M 'i^'"* "*<^ ^""'' whether it a^cta the snue o/ toMdh sad it 
ciuUd '««(. '-"■ '/i^ "^JW '*'"' "i «*Ued I^rAr, or prodwxa chemical 
o/iu"iKs >*'"■* "* ixiUtd cltiiini9M, is t» Twdity some Jbr» o/ «Meniy. 

$ 300. Sthfir the medium of mottao. — If S0sk is motioa, 
wh.it muvcs '■ Our atmosphere is but a Hub mTestment o[ the 
uiu-iti> while tiiu gr«at *paoe that separates as fi-om the sou (xm- 
t»iiis no air or othtr knowa substance. B«t mip<3t ^poce taw 
nuitltrr rvwive Hvr mmmwiicuie motioa. It is assamed — it it 
,lfl'F!Ml^ru fv Lissume — that there is some nediom Siling Ota 
iuterplanetatv spaw. in fact, filling all gtiwrwiee WHtceapied 
spate (i.e.. where matter is not. etiier is), bj which motioa 
uan be commuuifatwl iroui one point in the oth^wise empty 
apace to another. L'bis metlium. has received the oame of tAer. 
Ether ia supposed to penetrate even anwHig the mt^ecoles of 
liqua and solid matter, and thus sorroiimls ewry moleeale of 
maUei in Uie aniverse, as the atmosphere saRonnds the earth. 
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vacuum of this metUum can. be obtained ; aji attempt to 
*t"mp it out of ft apace would be like trying to pump wfttec 
^itli a. §ieve for u piston. We cannot sec, hear, feel, taste, 
sniell, weigh, nor meiiBure it. What evidence, tlien, have we 
Ibat it exists ? You believe that a horse can see ; you hflve no 
absolute knowledge of the fact. But you reason thus : he be- 
liaveaoa if be could see; in other words, you are able to account 
for hi3 actions on the hypothesis that he can see, and on no 
other, Plienomena occur just as tliey would occur if oil space 
! filled with an ethereal medium capable of transmitting 
motion, and we can account for these pheuoroena on no other 
hypothesis ; hence our belief in the existence of the medium. 

The transmission of euci^ through the medium of ether ia 
[Mlled radiation; enei^ so transmitted is called radiant energy, 
and the body emitting energy in this manner is called a radiator. 
Bgaod is another form of radiant energy transmitted through 
Hkt, liquid, or gaseous media. 

kS 302. UndulatoTT theory of light. — Is motion commu- 
nicated by a transfer of a medium or by a transfer of vibrations, 
I.e., by undulations ? All evidence points to one conclusion: 
that we receive eoei-gy from the sun in the fonn of vibrations or 
wave-action ; that these vibrations, inaudible to our ears, cause 
through the eye the sensation of sight, and through the hand the 
sensation of warmth. Tliis is known as the undulaiory theory of 
light. To learn what the special evidences of the correctness 
of this theory are, the pupil must wait for further development 
of our subject ; but it should be borne in mind that the strongest 
proof of the corrtctmss of awy theory is its exeiusi'oe competence 
to ea^lain phenomena. Light is vibroHon that may be appre- 
eiated by the organ of sight. 

(303. Light itself invisible. — Darken a room, and ad- 
a sunbeam through a small nail- or key-hole. You can 
B its path thiough the room only by particles of dust float- 
iu the room. But if the air in a certain space is cleansed of 
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Kdnst. the patli of & eunbeam through this apace will be tota 
VAirk. irthe eye is place<l ia its path, or any object upon vrtntit 
rft may Btrike, you become aware of its presence, uot by seoira 
e light, but by seeing the object whieli eeuds yon the light. 

S 304. Light travels in straight lines. — The path of fcl 
' light admitted into a darkened room through a small apertur 
as indicated by the illuminated dust 
i perfectly straight, -in obje 
I aeert by means of light it sends t 
I eye. A small object placed in a Btraig 
line between the eye and a luminoi 
I point may intercept the light i 
I path, and the point liecome ini 
I Hence, we cannot see around a c(» 
LT, or through a tube bent so that M 
raiglit string cannot be drawn through 
I its bore. 

§305. Bay, beam, pencil. — Any 

line RR, Figure 235, which piorees the 
■Jinfaee of a wave of light ab perpen- 
dicularly is called a ray of light, 
IS an expression for the direction id 
which motion is propagated, and aloof 
which the successive effects of light occur. If the wave-sinfao 
a'b' ia a plane, the rays R'R' are parallel, and a collection < 

rays is called a beam, of light. If the wave-surface a"b^ 
IB epherical or concave, the rays R"R" have a common point s 
the center of curvature, and a collection of such rays is called 
pencil of light, 

g 306. Transparent, translucent, and opaque bodies. 
Bodies are ImnsiJarent, tranalucfnt, or opaque, according to 

which they act upon the liiminiforous waves whid 
through them. Generally spcakinw, tho«e objects 
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PraTU^mrent that allow other objects lo be §oeii throut;h thpin 
dtstinctlj ; e.g., air, glosH. aui) watt>r. Those objMrU ure Imnih 
lucetU that allow light to pnas, bnt iu nucli n iH-uttcreid couiiitinn 
that objects are uot seen distioctly through Uivm ; e.g., f<nf. 
grouud glass, and oiled paper. Thotw! objcctn aru uiMvinn Umt 
apparently eiit off all the light and prevunt objects from buitiB 
seen through them. 

§ 307. LmninouB and illumioated objeota. — Sonn- bodies 
are seen liy means of hght, which they generate and emit; r..tj., 
the Ban, a candle flame, and a "live coal"; Uiey arc called 
luminous bodies. Other bodies are seen only by means oT light 
which they receive from luminous ones, and when Ihiitt rendered 
visible, are said to be illuminaled; e.g., the moon, a man. a 
cloud, and a "dead " coal, 

g 308. Every point of a luminous body an independent 
source of light. —Place a candle flume in the center of a 
ilarkened room ; every wall and ^_^ 

ivcry point of each wall becomes 
ilhimiuated. Place your eye in 
any part of the room, i.e., iu any 
direction from the flame ; it is able 
to see not only the flame, but 
1 Acry point of the flame ; hence 
si-ry point of the flame must emit 
'.i.zht in eveiy direction. Evert/ 
jioirU of a Iwmino'ts body i,i an in- 
(lejiendent source ofliyht and emits 
liglu in mery direction. Such a 

jjoint is called a himinom point. In Figiirc 23('> there 
represented a few of the inflnite number of pencils of light 
emitted by three luminous points of a candle flame. Every point 
of an illimiinated object oft receives light from every luminous 
point. 
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S 30% Imagee formed through Bmall apertures.— 

terlment. — Cut ft liole about 8™ square in one side of a box ; c 
[ tbe bole wltli tlu-roil, aud prick a bole in the Toll witli a pin. Place the 
I box la a darkened room, and a candle Hanu' in tlic box Duar to tbe pbk 
rhole. Hold an oiled-paper screen before the hole In the foil; 

Inverted image of the candle flaiuu wlU appear Qpon the transluc 

paper. An image la a Idnd of picture of an object. 

If light from objects illuminated by the sun — e.g., 
I houses, clouds, or even an entire landscape — is allowed to pat 
I througii a small aperture in a window shutter and strike & 
I -white screen, or a white wall in a darli room, ra.ys eaiTying with 
I them the color of the [winta from which they issue will imprint 
y their own color on the screen, aud inverted images of the object 
I in their true colors will appear upon it. The cause of 1 

Domena is easily understo 

I Wlien uo screen interveael 

I between the candle and t 

een A, Figure 237, t 

point of the screen receiv* 

liglit from every point 

tlie candle ; consequently, < 

;rv point on A, images i 

ttie infinite number of poin 

of the candle are formec 

Tbe result of tlie coulusiou of iinayeM is equivalent to n 

But let the screen B, containing a small hole, be interposed ; th^ 

since light travels only in straight lines, the point Y' can on] 

, receive an image of the point Y, the point Z' only of the poid 

\ Z, and BO for intermediate points ; lienco a distinct image of tl 

I object must be formed on the screen A. That an image may'ti 

distinct, the rays from different poiiilit of Ike object must not n 
\ on, the image, bttt aU rays from each point on thu object i 
[ be carried to its ovm point on the ima(je. 
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QUESTIONS. 

1. Why arc images, formed through aperturM. UiTeiinl7 

2. Why Is tbe size of Uii^ Image UepvDdent on the dletADCc of tli» 
screen from the aperture? 

3. Obtain the dimeoslous, respectively, of ui o1>]eci and lu Inwga, 
and their respective diBtaac«B from the interveuiug screen, aud ascer- 
tain tlie law that determines in all cases the MtK of an iiUBge. 

4. WI17 does an Imagu become dimmer as It bcconKs iargcr? 

6. Why do we not Ituprlul an image ol onr person on every object 
in front of which we al-andi' 
1^^^ S. Can rays of light cross one another without inti-rfcring? 
^H^. What fact does a gunner recognlEe In takint; sight? 

^^K §3X0. Shadows. — Experiment 1. Frocorv two pieces of tin 

I or card-board, one 18"™ square, the other 3*™ square. Place lUe llrst 
ttctween a white wall and a candle finme in a darkened room. The 
opaqne tin intercepts the light that strikes St, and thereby excludes 
light from a space behind it. 

This space is called a shadoto. That portion of the enrlaoe 
of tbe wall that is darkened is a section of the shadow, and 
represents the form of a sectioo of the body that intercepts the 
light. A section of a shadow ia frequently for convenience 
called H shadow. Notice that the shadow is made up of two 
distinct parts, — a dark center bordered on all sides bj a much 
Ughtcr ftinge. The dark center is culled the umbra, and the 
lighter envelope is called the penumbra. 

Experiment 2. Carry the tin nearer the wall, and notice that the 
penumbra gradnally disappears and the outline of the nmbra becomes 
more distinct. Employ two candle flames, a little distance apart, and 
notice that two shadows are produced. Move the tin toward the wall, 
and the two shadows approach one another, then tonch.andflnaUyover- 
1^1. Notice that where they overlap the shadow is deepest. This part 
light from cither flame and is the mnbra ; while the remaining 
gets light from one or the other and Is the penumbra. 



Just 30 the umbra of ever}/ shadow is the part that gets no 
H'jkt from a luminous body, u-hile the penumAra is the part 
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; portion of the bodt/, but not frv, 



Fig. MS. 



' that gets light fro 
the tehiAe. 

EKperiment 3. Repeal the above experiments, employing I 
OMller piece of lln, and note all dilTereiii^eB iu phenomena that o 

Uolil a hair in t]ie sunlight, about I 
centimeter in front of a, I1y<leaf of ti 
book, and observe the shadow cast (| 
tliu hair. Then gradually increase t) 
I distance between the hair and the lea 
not« the change of phenomena. 
the source of light were a single luminons point, as A, Figure 238, tike 
Bbadowof an opaque body B woold be of infinite length, and would con- 
sist only of an umbra. But, if the source of light has a sensible size, 
the opaque body will intercept just as many separate pencils of light as 
IS points, and consequently will cast an equal number 
' of Independent shadows. 




Let AB, Fif-uix- Bay, ri:preaeni a luniiuoua body, and CD an opaque 
body. The pencil from the luminous point A will he intercepted be- 
tween the lines C F and D G, and the pencil from B will be intercepted 
between the lines C K and D r. Hence, the light will be wholly e 
eluded only from the apace between the lines CT and DT 
enclose the umbra. The enveloping penumbra, a section of which li 
I Included between the lines CE and CF, and between DF nnd Do3 
'Slight fromcertainpointsof the luminous body, hut not from &!!>■ 
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aUESTIONS. 



1, Explain the nmbm nnd peumntira cist hj the opique body Hit I 
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S. When will a bansvcrse Bection of an umbra of on opaque body t>% I 
larger tlian the object Itself? 

5. When has an nmlira a limited lengthf 

1. Whatis theshapcortbc uubrscaat by the RphprnC 1). l'1;(urc2HVf 

6. If C D should bcK^ome the luminous bodjr. niitl A B a aon^luinlQuu* 
opaque body, what chaagea would occur la thi> uiubra aiiU tlie shadow | 
cast? 

6. Why is It difficult to determlDe the exact point where the uiubrft | 
of a cburcli-Bleeple termiDates on the ground? 

T. Wliat is the shape of a sectioii of a Khadow cast by a circular diak. 
placed obliquely between a lumioous body and a screea? What is It* 
Ehape when the disk is placed edgewise? 

S. The section of the oarth'H umbra on the moon In an ecllpac always 
bas a circular outline. What does this show respcetlne the shape of 
the earth? 

LI. rHOTOMKTItV. 

31X Law of inverse squareB. — KxppHnient l. .Arrauge 

follows ; I*y a silver half-doUar on the center of a clrcu- 

of stiir, wliit«. uuglaicd paper of 15'^'" diameter, and rub the 

iSnrface, except the portion covered by the coin, with a sperm W 

candle. Hold the paper In a warm oveu for a minute. Whea 

is placed between two lights in a darkened room, the n 
spot will appear light on a dork background on the side whicli i 

)re light, and 
a light background 
on the side which receives 
less light; but the spot b(^- 
eomes nearly invisibli? 
when both Kides are equal- 
ly illuminated. Draw n 
straight chalk line aero-<s 
a table, and place at right 

angles to this line a row of four lighted candles, 
line, at a distance, a single lighted candle. Half- 
candle and the row of candlca place the prepared 
l|U- It is evident that one side of the paper 
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HfHA lilMilhf «iftHr ^toM. Xov«llierowof Ili^ribidofiriiirflBvtavj 
iHir |ii9i«r. M- iMm« Ikt «liilft Ui^ towMdtfaepapar.aiAa] 
V tMni4 Jn «HlMr «Me mten Hm i^ot will mnlj dtaqppME.. nftj 
ilMft >AN«m A >iitt W iiiMd ttat Ibe low of U^^ 

^Hfe^ tMtt ilhf «liilft W(l* M finmi the f oar llglifti. 



:i» ^foil^l^A^i feir^ddL Im a rimilar manner It bmj be iMI 
ttei «:i dm^ liiaM Ihie dtatanoe it takes nine be epiv- 

ak«it ikN v«M^ %M^ Hmo^ iJht miaui^ qf Uf^ riffafaMit • 
A^ ^ifMTP ^ *e dK^iMM i^wvwiee. This is oalled Ike Im q( 

Ifakfut l ewm li*. iMMidNK^ Iha IN^er disk, ee abore, betwwa ft 
^ciMiiDc' ):^i Mii a fci a rtt w a t Qj^t or a fee Heme, end so ngelitB fli 
^IfafcMKv <>n>f tl>» ««iel «|w» will dfc Mffpeer, <nd oaksaletetheitWhi 
laiv««3iV« xNf Ui^ two Ucbts la aoeotdeaoe with the law of ievoM 

A)>\vu^i»« ATTim^Hl IVvr this poipose is called a |)ftoCoei(Bter. 

•* r:',o ,'....;,,' ;a^^v'\ xrhioh is the unit of light generefly em- 
p\\\i\\ :;; i^^v^:x^:«onA » is iho MiKmnt of light given by a wpfsm 
oaiui'.o x^oijjhing oiu^sixth of a |>omKi^ and burning one.himdred 
anvl iwen:v cnuns :^u hoiir/* llio relative bii^tness of tiieoom- 
mv^i\ soiiiws of liiiliT aro app^\>ximat<^l3' as f<dlowB ^ : — 

Suulisrht at the sun's surfsico 190,000 candle power. 

Most iH>\vorf ul olcotric arc 55,900 " " 

Most pmverful calcium light 1,300 ** '< 

Light of onlinary gas-bunier IS to 16 ** " 

Suudani candle 1 " " 

*' The total quantity of light emitted by the sun is equivalent 
to the light of 6,300,000,000,000,000,000,000,000,000 (six thou- 
sand three hundred billions of billions) candles/' Of this enor- 
mous quantity of light the earth intercepts an extremely small 
fraction. 

1 C. A. Young. 
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QUESTIONS. 

1, Soppoee that a lighted candle U jiUccd In th^ ciMitcr 'ir crwii of 
ihroe cubical rooms respectively 10, 20, aiul 80 feci on a ulclf ; wouM » 
single wall of the Brst room receive more or Icm llflit iliati a aliixla 
wall of either of the other rooms? 

>. Would one square foot i<f a vrall of tbo third room rocelTc ai 
much tight us would be received by one Btjiiarn foot of a wall of the 
first room? If not, what difference would there be, and why the dlBbr- 

S. If a board ID™* square is placed 20™ from a candle flame, the area 
of the shadow of the board wist on a screen "i'.'™ iliataut ftom the 
candle wiU be how many times the area of the board? Then the light 
intercepted by the Imard will illumlaatc how mucli of the surface of 
the screen if tlie board la withdrawn? 

i. Give a reason for the law of Inverse Squares. 
_ i. To what besides light has this law been fonnd applicable? 
|'4. The two sides of a paper disk arc Illuminated equally by a candle 
te fiO™ distant on one aide and agas name 200^ dli^tant on the other 
i compare the IntensiUes of the two lights at equal distances from 

Ir sDurctis. 



I LII. VISUAL ANGLE. ETC. 

g 3ia Visual angle. — Eiperimcnt. Prlcl( a pin-hole in « 
card, place an eye near the hole, and look at a. pin about 20™ distant. 
Then bring the pin slowly toward the eye, aud the dimensions of the 
will appear to Increase as the distance diminishes. 

ly is this ? We see ao object by means of its image formed 

the retina of the eye, and its apparent mognitnde is det«r- 

the extent of the retiDa co^Tri:(l by its image. Rnys 
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RADIANT ENERGY. 




proceeding from opposite extremities of an object, j 
lire 241, meet and crosa one another in the window of the e 
usually calltHl the piii'H- Now, as the distance between 1 
points of the blades of & pair of sciaaorB depends upon 
angle that the handles form with one another, bo the size of the ' 
image formed on the retina depends upon tlie size of the angle, 
called the oisvtd angle, formed by these rays as they enter the 
eye. But the size of the visual angle diminishes as the distance 
of the object fVom the eye increases, na shown in the digram ; 
e.ff., at twice the distance the angle is one-half as great, at 
three times the distance the angle is one-tliird as great, and 8o 
on. Hence, the apparent size of an object diminishes as Us dis- 
tance from (Ae eye i, 



I 



QUESTIONS. 

1. Wh^ do the rails or a ratlroad track appear to converge as t 
dlsUuice from the alistrver increase^ 

9. Why, In looking through a loug liall or tunnel, do the floor a 
the ccltiiii; ap)i<!ar lo approavli une another? 

3. Why do parallel iluea. retreating from tlic eye, appear to converKeffl 

4. Why can a book, held in froai of the face, entireiy conceal froitt.l 
view n house? 



S 313. Metboda of eatimating size. — Let a man stand bestd*>1 
a boy of half his hight, autl to an observer, twenty Ibet distant, the foi^- 

mer will aubteud a vIhuuI angle twice as great as the latter, and will 
appear twice as talt Then, let the man move back twenty feet ferthcr 
from the observer, and lie and the boy will then snbtend equal angles, 
but they will not appear to be of eqaal hlght, nor will the man's hight 
appear diminSsbed in a very perceptible degree. The snu and the moon 
are about 4,000 miles nearer to us when tbey are In the zenith than when 
near the horizon, but in the latter case they appear much larger. 
It makes a great difference In the variation of the apparent size ot'*^ 
pin, as it moved to and from the eye, whether it is seen throuBbil 
pin-hole In a card or whether the cord is removed ; and, agidn, whettt^ 
it is seen with one eye or both eyes. The fact is, that in estlmatUJ 
the si:' lots, our juiJ'— "■"' is iullueuced by many other tJ 
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VELOCITY OF LIGHT. 887 

besides the visnal angles which they subtend. Our knowled^t* of the 
real size of an object, also of the fact tlmt tlic tcudeiH^y of an increase 
in distance is to diminish the apparent size of u body, and that an ob- 
ject does not become shorter as it moves away from us, docs much 
toward correcting an estimate based on tlie size of the visual angle. 
Our estimate of the size of objects whose size is unknown is influ- 
enced much by comparison with objects in their vicinity whose size 
is known, as in the case of the sun and the moon when they are in 
range with other objects in the horizon, and in the case of the pin, 
whether it is seen alone through a hole or in conjunction with other 
objects. Again, when we look at an object with l>oth eyes we are 
obliged to turn the eyes inward or outward, ucconling as an object 
approaches or recedes, in order that light from the object may continue 
to enter the eye. The effort necessary to adapt the position of the eyes, 
so as to see objects at different distances, helps in forming a correct 
estimate of their size. Hence, the pin seen by both eyes does not 
appear to undergo so great a change in size, as it moves to and from 
the observer, as when seen by one eye. We are not at the time con- 
scious of going through the processes of reasoning indicated above, 
because it has become a matter of habit with us. If a man born blind 
suddenly acquires the power of seeing, he at first makes ludicrous 
mistakes in judging of size and distance of objects, because he has not 
acquired these methods of reasoning. An infant will reach out its 
hands to seize a bird that may be flying many yards above. 

§ 314. Velocity of Light. — We must believe that light- 
waves require time to traverse space, although their speed is 
so gi*eat that no ordinary means can measure the time, it is 
so short. But the distances of the heavenly bodies are so great 
that the time that their light requires to reach us may be easily 
measured. 

To illustrate one method, let J, in Figure 242, represent a clock 
striking a single stroke every hour, and the circle E E' a road around 
which a person W travels ; the length of the straight line E E' is four 
miles. So long as W remains at E, the strokes come exactly once an 
hour by his watch ; but, as he moves away, the intervals become slightly 
longer, so that, however long he is on the road, if the watch and clock 
run accurately, when he has reached E' the sound of the bell reaches 
him about twenty seconds after the hour. As he continues back to E, 




BlBMtn. Bui « E' Ibc S^ IMS had to tnvel 184,000,000 n 
tmrthv to fC«eh tW e jc On at B~ 
Ilenee. light nnst travel at the rate of I81,000,000-f-(16ix< 

t^ ■bout ISe.OOO ma«s (about 300.000*-) in a second. 
8(Hinii (!re«pe along at the comparatively slow pace of aboi 
one-fitth of a milu (or J*") per aeoond- The former is the * 
looity with which waves in ether are transmitted ; tlie latter, t 
voliK'lty with wliioh waves in air move forward. This gre) 
difference can lL>e accounted for only on the supposition that t/ 
LfunVy und elaaticitii of ether are etiornwusli/ greater than that o_ 
mttfr (aoe page 284). 
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LIII. REFLECTION OF LIGHT. 

j 315. Iia'v of reflection. — Arrange spparntus ns follows t 

I Hgnre 213, is' a board 12™ sqaare, having u mirror 8"" squares 

cof its sides. E is a rod 24'" long inserted in Ihe board 

fcto the middle of one of tlie edges of the mirror, and pcrpendlcn- 

to the surface of the board. DF ta an arc of pasteboard supported 

le rod. The outer edge of the arc is deserlbed bj a radius equal' 

le length of the rod, and Is divided Into degrees. Cover the open- 

e of the tube C of the parte lumiere ' with a circular tiu pierced 

la center by a circular liole m, T™"" In diameter, uud admit a slcuder 

n of sunlight mc. 

bcperiment. Place the mirror so tliat the beam of light niny striko 

^llqoely, and ju.it graze the arc so as to iiiumhiate It at one points. 

u of light as it approaches an object is termed an incideiU beam. 

I, unable to pass through the opaque silvered surface of t1 

or, la reflected by this surface obilqueiy, but on the opposite side 

e perpendicular oe. A beam of light alfer relleetiou Is termed a 

d beam. The spot of light , 

arc produced by tlie r 

ieaxa will l>c found to 1 

a number of degrees di 

n the perpendicular us tl 

, produced by the Incident I 

m. Hence, the angle neo, called | 

B of rejleetion, is eijunl to 

.e mco, called the iinyle of 

Incline the mirror so 

e incident beam may sti'lko 

re or less oWlqniiy, 

B reflected Iwam will leavo 

js at an equal angle. Itcii- ' 

9 path of the incident and 

ajted beam luminous by introducing a cloud of smoke from touch 




> SomemeaniotlntrDduclngH beam nf suiOigbC Inio a dnrlt 
In sipetimeoUng wJtfa Ugbt, The oipciimenU □□ IbU aob!'''^'' 
iLUan Ibal the pupJl is protldad wLlh moans of Bccompllihin? Ihl"- "" 
itruclJng sppntnlm suited lo Ibis pnrpoie, usunUy culled » parte Utmiir 
Id Mayer uid Bsmanl's Uillo book on " Llgbt," publlsliml by D. Apple 
York, and In Dolbear'e " Art of Pro]pcOon." published by ^-^'^ * Sheph 
dwcrlpUon of an Ineipenatva appatatua fleviacdby ihoaulhor maybe toi 
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IEEPLECTION PKOiM PLANE MIKKuES. 341 

iMly reflected light), or the object on which tlie light falls, or botli 
t ssme tlnte, depends Urgel7 upon the degree of HinoatlineaB poe- 
d bj the ohj<M:t timt reflects the light. Sinocitii aurfaceu are 
I lairTurs. Polished metals arc the beat mirrors. Surfaces of 
la M rest are excellent mirrors. It is sometimes difficult to see a 
fh Burfooeof a pond surrounded by trees and overbucgby clouds, 
! eye Is occupied hy the relleeteil images of tliese objects : but a 
breath of wind, slightly rippling the surface, wlli reveal the watei'. 
Experiment 2. Place a, basin of water on a table, and hold a candle 
Sauie so that its rays may form a large angle with the liquid surface. 
and notice the brightness of its image. Lower the candle and the eye 
Bu that the Incident and reflected rays, as nearly as possible, gra^e the 
surface of the liquid, ancl notice how much brighter the Image be- 
comes. Notice how much brighter tlie varnished surfaces of furni- 
ture appear when vlewetl very obliquely, than when seen by light 
reflected less obliquely. Also notice how much more dazzling Is the 
light reflected from the surface of a pond just before the sun sets, 
Uian at noon when the sun Is overhead. This ia due in port to our 
being at a suitable positton to ottserve It. 

'r/ie itinoiint of light reflected from, a smooth surface increase 
rajilfVy as (lie angle of incidence increases. Thus, at a perpen- 
dicular incidence, out of 1,000 parts of light that strike a sur- 
face of water, oulj 18 parts ai'e reflected ; at 40°, 22 parts are 
I'efiected ; at 80°, 333 parts ; and at 89^°, 721 parts. The above 
is not even approximately true of metala or substances liaviiig 
metallic reflection, such as galena, etc. 

g 317. Befleotion froia plane mirrors ; virtual images. — 
MM (Fig. 241")) represents a plane mirror, and AB a pencil of diver- 
gent raj-e proceeding from the point A of an object AH, Erecting 
perpendiculars at the points of Incidence, or the points where these 
rays strike the mirror, and making the angles of reflection equal to 
the angles of incidence, the paths BC and EC of the reflected rays 

It appears that di'oergent incident rays remain divergerit after 
reflection from a plane mirror. In like manner constraet a 
dittgi'sm, and show that parallel incident rays are parallel after 
reflection. Construct another diagram, and show that convergent 
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incident rays are convergent ofler reflection. To an eye plai 
whicli the rays appear to come are of o 
in the direction of the raj's as 
(.'titer the eye. These points may I 
foimd liy crmlinuing the rays CB i 
(.'E liehind the miiTor, till they u 
at the iKiints D and N. Every p 
I of the object AH sends out its [ 
cils of rays, and those that i 
Lhe mirror at a suitable angle t 
reflected to the eye, produce m 
retina of the eye an image of 
point, and the jioint from whicli i 
light appears to emanate is found,] 
previously dcRcribed. Thus, the pencils EC and BC appear] 
emanate fixim the ijoiuts N and D, and the whole body of 1 
received by the eye eeeins to come from an ajyKirent object 2 
behind the mirror. This apparent object is called an i 
but as of course there can be no real image formed there, i 
called a virtued or an imaghuxry image. It will be seen, by 
construction, that an image in a plane mirror appears as far 
behind the mirror as the object is in front of it, and is of the 
same size and sftajje as the object. 

If the mirror Is vertical, ohjects appear in their proper relations to 
the horizon ; but, if the mirror hits any other position, objects a 
unuaturai postures. Thug, turn tlils book so that tlio mirror 1 
(Fig. 245) maj represent a horizontal mirror, and All a vertical obje 
above It, and It will be seen that the linage appears Inverted. 
verify this, place a mirror in a iioriiontal poaition, and set o 
goblet of water. Also show by constrnction that, i: 
an angle of 45° with the horzon, vertical objects appear horizontal ai 
vice versa. Verify this by experiment. Pupils may amuse themaelvg 
at their leisure, and at the same time be instrDcted, by performing tl 
iollowing experiments ; — 

Experlmeut 1. Place a printed page in front of a mirror, i 
attoiipt lo road the print from the miiror. It will be seen that t 
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ways a laUral inneTsion; for tlic same ruasou tbat when 
I stand I^ing one another, the right hand of onu is opposite the 
band of the other. 

bcpertmeut 2. Place two mirrors facing one another and about 1&'" 
Hold a pencil half-wa; between the mirrors, anil look obliquely 

one mirror jU!<t over the edge of Ibe other, and y 
B number or Images of the pencil arranged at eqnal diatancea 

id one another. Account for these images. 

Eperlment 3. Place two mirrors edge to edge ho as to form 

• of 46° with one another. Place the face In the opening, and 
inally close the mirrors till they touch the head. 

318. Multiple reflection. — Bxperiment I. Allow the 

1 of light in the last experiment to strike a wall of the room. 

■e will be projected upon the wall two, ami perhaps more, circular 

;es of the sun overlapping one auotlier. It appears as though the 

1 of light is somehow split, by re- -pi ,^^^ 

Urn from the mirror, into two or 

e parts, and that these parts travel 
r in slightly different paths. 

tKperimeut 2. Hold a candle flame I 

ich a position (Fig. 2-16) that Us 

i may strike a mirror (one having 

' thick glass la beat) very obliquely, 

plws« the eye so that it may receive 

reflected light, aud you may see 

J Images of the flame. 
cperlment 3. Place a pencil per- 
idicnlar to a mirror, with the point I 
toachiag the glass, and yon will sec t 
images of the pencil, — one touching the point of the pencil, and the ' 
Other at a distance equal to twice the thickness of the glass. 

^Bfow Bfe these phenomena produced? As you travel the 
Hpewalk and passi windows, you frequently see your own image 
^Htd images of other outdoor ohjecta reflected hy the glass, i 
showing tliat even so transparent a substance as glass does not i 
allow all the light that stiikes it to pass through it, but reflecta 
jjlMrtioii. Let a beam of light A«, Figure 247, strike a mirror 
KC obliquely ; a portion of the light is reflected from the pointy 
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jj 3tt9. B«fl«ction from concave mirrors.- _ 
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BEFLKCTIOS FROM CON<AVE MIRKOBS. 345 

of the Mirror. C ie the center of the sphere, aud is called 
he center of curvature. G is the vertex of the mirror. A 
traight line DG, drawn through the center of tiinature and 
he vertex is called tha principal axisot the mirror. A eoneave 
oirror may he considered as made up of an iuAuite numher of* 
all plane surfaces. All i-adii of the mirror, as CA, CG, and 
!L,'B, are perpendicular to the small planca which they strike. 
If C b<? a luminous point, it is evident that all light emanating 
from this point, and stiikiug the muror, will be reflected back to 
its source at C. 

I.ct E be auy lumhious point lu front of a concave mirror. To find 
the direction that raya einauatiug from tUis point take after reflection, 
draw any tn-u lines ITom this point, as EA and EB, repreaenting twu 
of the infinite number of rays composing the divergent pencil of llglit 
that strikes tiiu mirror. Next draw radii to the points of Incidencn A 
and B, and draw the lines A F and BF, making the angles of reflection 
eqiial to the angles of Incidence. Place arrow-heada on the lines rap- 
resenting rays of light to iudicate the direction of tlit) motion. The 
lioes AF and BF represent the direction of the rays after reltectlon. 

It will be seen that the rays after reflection are convergent, 
and meet at the point F, called the form. This pomt is the 
focus of all reflected rays that emanate from the point E. It 
is obvious that if F were tlie luminous point, the lines AK 
and BE wonid represent the reflected rays, and E would be 
the focus of these rays. Since the relation between two such 
points is such that light emanating from either one is bi-oiight 
by reflection to a focus at tiie other, Uiey are called coiiju- 
i/fUe foci. Covjiujate foci are tioo points m related that the 
image of one is formed at the other. The rays EA and EB 
emanating from E are less divei^eut than rays FA andFB, 
emanating from a iioint F less distant from the mirror, and 
striking the same jjoiuts. Kays emanating from D, and sti'iljing 
the same points A -and B, will be still less divei^ent ; and if tlie 
point D were removed to a distance of many miles, the rays 
ident at these points would bo very nearly pitrallel. Hence 
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ny» Dki; be regarded as prac^callj pamllel when their iource 
ia at tt v«rT gnrat tiistaacc. e.g., the bus's rayg. If a gnnbeam, 
nMtstsling of a buiKlle of par&ltel rays, as E A, D G. and H B 
(Fig. 249), ittrike a concave mirror parallel with its principsJ 
_^ _^ sxis, IhcT become convergent by reflection, 

I and meet at a point (F) in the principal axis. 
This point, called the principal foeux, itjvt 
• iilf-tcag behoeen the center of ctiiijataTe and 
he vertex of the mirror. 

On the other hand, it ia obvious that ditw- 
frnt rays emanatini/ from the principal /ocw 
of a coueart mirror brcome paraBel by reflection. 

If a ^mall piece of paper ia placed at the principal focus of n 
conoave mirror, and the mirror is exposed to the parallel tays 
of the aiin. the paper will quickly born, showing tliat the focus 
o/tight w (t/«o afocuis of heai; or, in other words, that atl/onfa 
of radiant energy foUow the same latps of reflection as light. 

Construct a diagram, and show that rays of light proceed- 
ing fniiii a jMiint hotweeu the principal focus and the mirror 
arc divci'^ent after reflection, but less divergent than the ind- 
(Iciit r.iys. Reversing the direction of the light, the same dia- 
gram will show tliat convergent rays of light are rendered more 
convergfut bj- reflection from concave mirrors. The genertjl 
effect of a eoncave mirror is to increase the convergence or to de- 
crease the divergence of incident rays. 



Tlic Kl.itement, that parallel rays an«r reflection from a concaTC 
mirror meet at the principal focus, Is only approximately true. The 
Htiiatlcr the aperture of the mirror, the more nearly true is the state- 
nieut. It Is strictly true only of parabolic mirrors, such as are used 
^vlth the hcad-tights of locomotives. Construct a diagram representing 
a mirror of large aperture, and it will be found that those ra;a that 
strlkt the mirror at cousideraWe distance from its center, int«rsect the 
prln<'ipal ixxls after reflection at points nearer to the mirror than tlK 
principal focus. 

S 320, Formationofimagea. — Bxperimentl. InadaTkroomj 
hold Uie concave side of a bright silver dessert spoon a little dlatance I 
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Dront of tbe face, anil iDtri>duce a candle iluiiic liutn'een tlic spoon 
ind your eyes; you will see a. small inverted image of the llame about 
1 centimeter in front of the spoon. 

Experiment 2. Turn the convex side of Ilic Hpoon tuwurd you. ttaA 
you will see a small ereet image of the flame ft little buek of the apoon. 

Kxperiment 3. Repeat the two preceding uxpurlmcnta, holding the 
spooQ between the flame and the eyes, but not bo hs to sercen the foce 
ttoia the light, atid you will sue Kimllar itnuges of yourself. 

To determine the position and kind of images formed of objects 
placed in front of concaTe mirrors, proceed as foUowB : locate the 
object, as DE, Figure 250. Draw lines, EA and DB. from the extrem- 
ities of the object through the center ik. :;.ii 
of curvature of the mirror, to meet the i 
mirror. These lines are called the sec- 
ondary axes. Incident rays along thcsu 
lines will return by the same paths 
niter reflection. (Wly?) Bra w another 
Hue from D to any point in Uie mirror, 
c,y., to F, to represent any other of the 
inltnite number of rays emanating from ' 
11. Make the angle of reflection CFU' equal to tlio angle of in- 
cidence CFD, and the reflected ray will iuterseet the secondary ails 
DB at the point D'. This point is the conjugate focus of all rays 
proceeding from D. Consequently, an image of the point D la formed 
atD'. This Image ia called fik.-2mi. 
a rwl imagf, because rays . 
aelnallf meet at this point. 
Inaslmilarroaniier.Qnd the | 
polntE',the conjugate f ociis 
of the point E. The images 
of Intermediate points be- 
tween D ajid E lie between 
the points D' and E' ; and, I 
consequently, the Image i 
OieobjectlleHbetwcenthosc I 
points as extremities. 

If, for the second ray to be drawn from any point, we select 
that ray which U parallel with the principal axis, as A O, Figure Ml, it 
win not bo necessary to measure angles. For this ray, after reflec- 
tion, must pass through the principal focus F; and consequently the 
conjugate focus A' Lt easily found, and so for the point B' and inter- 
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a eye |ilaoed in a suitable po^ 
tion to receive the light, « il 
I n (Fig. 252). will rMdvf 
iiDf impression from the r- 
H'tvil r»^s iis if tbe ImagQ 
' D' were a real object. Fm 
i.'wiie of rays originally t 
\ at^s from (say) the point D of 
the object, but it enters the ej* 
<i if e ID aunt ill}; from D', and con8«iuently appears to ori^natt 
fivm the latter point. A persou standing in front of eocb 8 
teirror, ut a distance greater than its radius of cnrratiire. mU 
K Hit iinngu of himself suspended, as it were, in mid-air. Ofi 
jf in u darkened room &u illumiuuted object is placed in front <^ 
ittie mirror, uud a small oiled-paper screen is placed where tl 
Image 10 formed, a lai;ge audience may see the image projected 
tipon the screen. 

If E' D' (Fig. 25(1) is taken as the object, then the direction 

^ ^,^ of tlic light ia tlie diagrai 

will be reversed, and EJ 

will represent the i 

Hence, (fie image of an o 

H'ct pliiced between the jj 

'•ijial focus and the center q 

'in-ciitiire is alio real 

i'li'i-rted, but larger than 

object, and lotxUed beyon 

The image in this case may be 1 

'ecu, but it will not be so bright as in 

tbe light ia syread ovev a. larger surface. 




lonstmct the image of au object placed betwei-u the priacipal | 

i and the mirror, as in Figure 2oii. It wil 
h that a pencil of rujs pi-oeeeding f I'ljiu 
m^ point of ao object, e.g., D, hnn 
1 focue, but appears to proceed IVi 
tal focua D', back of the mirror, tmd I 
h other points, as E. TJte imay! of I 
^ectplaced between the prindpalfm-iii 
I (be mirror is 'virtual, ei-ect, larger than 
d, and w back of the iiiiiTor. 




QUESTIONS. 

cert^u the answers to the following questloiiH by t'ouatruyting 1 
tble diagraniH. and aftertTOriis rerif; your cODClusions by cxpnrl- I 



, When au object Is located at a. distance from rt crmcai'c mi 

il to !t8 radius, will any image be formed!' Why? 

, What is the effect of placing Uie object at the principal focus? 1 



. (a) When is the real image formed by a concave mirror smaller \ 
» the object? (ft) When Is it larger? 
, (o) Wlien is the image formed by a 
n iB it virtual? 

. (a) Is the Itnagv of an object formed by a convex mirror real oi 
(ft) Ib it larger or smaller than the object? (c) Is it erect oi 
Inverted? 

NOTK. — The diagram In Figure 254 H'ill be found eufflciently sugf- 1 
iiestive as to the method of finding the disposition of a pencil of rays J 
emanating from any point, e.g., A, alter reflection from i 



6. IMhe general effeet uf u 



t mirror to collect or to s 
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uv. ^tEFrtACTIo^f. 

Kxppriment 1. Acrotis the bottom of a rectangular Ijn basiB 4BC 

r aS5, mark a scale of luillimeters. Into a ilarfeeoed room 

t hcam of snnligUt. so that its rnjs may fall obliquelj oo Ita 

f the basin, and note tlio pUce od the sc&le nhere theedgeot 

P,^ jj^ the shallow D E cast by the rid* it 

I the baslu D C meets the bottom U £■ 

I Tlu'ii, without moviug the basin, ffll 

:veu full with waU-r sllglitlr 

cloudcJ with mltk, or with a I<W 

I drops of a solution of tu&stlc Is alco- 

It will be found that the edgt. 

I of the shadow has moTed fromDB 

to I) F, and meet^ the bottom at S, 

Bent a blackboard rubber, and crMte 

n cloud of dust in ttie path of til6 

beam in the air. and you will dlacovot 

I'that the ray» Ij 1> that graze the edj^c of the disk at D become b«ill 

t the point where they ent«r the water, and now move in the benl 

e G D F. instead of. as formerly, In the straight line G E. The patt 

t the light tu the water Is now nearer to the vertical side DC] 

Kin other words, this part of the heam U more nearly verticai than htfott 

Kxpertment 2. Place a coin (A, Fig. 356) on the bottom of 1 

I'tonply basin, so that, as yon look througli a small hole In a card B 

i-'Brcr the edge of the vessel, the coin is just out of sight. Then, witt 

■HOnt inovlug the card or basin, Oil the latter with water. Now, ( 

wklug through tlic aperture in the card, the coin is visible. Tl 

Q of light A E, Hhieh formerly moved in the straight line AD. 

1>u]it nt E. ivherc It leaves the water, and, passing through t! 

aperture In the card, enters the eye. Obser» 

tliat, ns the tight passes from the water In 

', it Is turned farther from a vertical lii 

E F; In otlier words, (fte beam i» fai^r fre 

III-- I'l rlirtr! Chan before. 

Experiment 3. From the same position 
n the Inst mperlment, direct the eye to t 
point G in the basin filled with water. 

r hand around the basin, and place y 

fliiger where tliat point appears to lie. On 

^vill be found that your linger is considerably above 




minfttiou, ii 



CAUSE OF RKFRARTION. 



8.51 



. 237) vi-nl- !,_- 

rip of thlrk I ]\ 

at (hi- llglit [_ L J 

IClaHS tu tliu I 



bottom. HcDCC. (hf rjfvd of the frnding of ray of light, lu Ihty 
oiliiiu^ly out iif TeaUr, (ttoeaiiMlht lioltom tnapptar mtirf rlrmtrJ llMn ft. 
really is; Id other words, foriMMIh^ vniter to apttar thalloirfr Ihan 

Kxpeiiment 4. Tlirust a p«ncU oblliiucty InUi wfttrr, aiul It will 
appear shortened, bout at tliu surfact? of the wntrr, and tbo y^ _. 
Immersed portiuii elevated. 

Experiment 5. Place a pieci^ of wire (Fii;. 
caliy In front of tbe eje, and tiold a narruw »iTip 
plate glass horizontally acroua the wire, so that 
from the wire ma; pass ohlliinel; through thu KhtHS 
L'je. The wire will appear to be broken at tbo two i-djfcs 
at the glass, and the intervening scttlun will appear to hu inuvud to 
the right or left according to the IncUnatloii of the ghuHis ; but. If 
glass is not IncUued to the one side or the uthiT, the wire does not 
appear broken. 

When a heian of light passes from one meditim into another of 
iliffereot density, it is l>eiit or re/raeCed at tlie boundary piano' 
lietweeu the two meilia, unless it falls exactly perpondiculnrly 
oil tUia plane. If it passes into a denser medium, it is refracteti 
loward a perpendicular to Ikin plane; if into a rarer medium, it 
is refraeted from, tlie perpen- 
tlicular. The angle GDO (Fig. 
255) ia called the anrjle of inci- 
dence; FDN, the (ingle of re- 
; and EDF, the ain/Ie 
f deviation- 



I § 3ZL Cause of reflraction. 

r-Careful experimetita lutve 
I that the vehcily of liyht 
a denne than in a rare 
Let the aei-ies of par- 
il lines AB (Fig. 258)rt!pre- 

ies of wave-fronta lenvin] 

rough a rectangular piece of gli 

n of light. Every point in a w 

Uocity as long as it travei-sits the s 




ail ot'jeet C, and passing 
t D£, ttnd i^onstituting a.1 
e-froot moves with equal '| 
ne medium ; hut the point j 
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a of a given wave ah enters the glass first, and its velocity is 
impeded, while the point b retains its original velocity ; so 
that, while the ix)int a moves to a', b moves to 6', and the 
result is that the wave-front assumes a new direction (very 
much in the same manner as a line of soldiers execute a wheel), 
and a ray or a line drawn perpendicularly through the series of 
waves is turned out of its original direction on entering the glass. 
Again, the extremity c of a given wave-front cd first emerges 
from the glass, when its velocity is immediately quickened ; so 
that, wliile d advances to d\ c advances to c', and the direction 
of the ni}' is again changed. The direction of the ray, after 
emerging from the glass, is parallel to its direction before enter- 
ing it, but it has sulfered a lateral displacement. Let C repre- 
sent a section of the wire used in Exp. 5, and the cause of 
the phenomenon observed will be apparent. If the beftm of 
light strikes the glass perpendicularly, all points of the wave 
will 1)0 checked at the same instant on entering the glass ; con- 
sequently it will suffer no refraction. 



Kig. 259. 



§ 322. Index of refraction. — The deviation of light, in 

passing from one medium to 
another, varies with the me- 
dium and with the angle of 
incidence. It diminishes as 
the angle of incidence dimin- 
ishes, and is zero when the 
incident ray is normal (i.e., 
perpendicular to the surface 
of the medium) . It is highly 
important, knowing the angle 
of incidence, to be able to 
determine the direction 
which a ray of light will take 
on entering a new medium. Describe a circle around the point 
of Incidence A (Fig. 259) as a center, with a radius of (sny) 




t 6f KEFKACnON'. 

; through the same poiDt draw IH iMrpendicular to the 
s ai the two media, aud to this liue drop perpeudiculaiB 
3 CE from the points where the circle ciitB tlio ray iu the 
Then mippose that the perpendicular U 1) is ^ of 
dius A B ; now this fractiou /^ is called (_ia Trigouom- 
) de sine of the angle DAB, Hence, ^ is the sine of 
S of incidejioe. Again, if we suppose that the perpen- 
r CE is 3^ of the radiiis, theii the fraction ^ is the 
of the anglu of refraction. The sines of the two angles 
a one another as j^ : ^, or as 4 : 3. The qnotient (in this 
) obtained by diTiding tlie sine of the angle of incidence 
e of the angle of refraction is called tlie index uf refr 
can be proved to be the ratio of tie veheity of the 
',eiU to tluit of thu refraiited light. It is found that, for the 
1 media (he index of refraction is a coiistant quantity ; 
I incident ray might be more or lesB oblique, still the quotient 
^Id be the same. 

§ 323. ludioes of re&action. — The index of refraction for 
t in passing from air into water is approximately ^, aud 
r into glass | ; and. of course, if the order is reversed, the 
IjpTocal of these fractions must be taken as the indices 
Q water into air the index ia ^, from glass into air |, When 
Y passes from a vacuum into a medium, the refractive index 
is greater than unity, and ia called the absolute index of refrae- 
'i'lH. Tlte relative index of refraction, from any medium. A ititO' 
another B, is found by dividing the absolute index of B by the 
absolute index of A. 

The refractive index varies with the color of the light. (Si 
page 305.) The following table is intended to represent wiec 
indices ; — 

' ,\BaOI.UTK DJCrCEB. 
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EXERCISES. 



1. Dr&w a, straight line to represent a surface of flint glass, i 

I draw another line meeting this uhlliguely to represent a ray of llj 

g from a vocnnm Into this medinra. Find the Uireellou of ■ 

ny tJtot It enters the mcdiuia, employing the index aa glveu In ' 

e table. 

9. (a) Determine the Index of refraction for light In passing fr 
vatcr Into diamond. (6) In paasing ftoni water into air. 
8. Age«taiD the inilex of refraction for nater In Exp. 1 , p. 3fiO, 
^WblcU wine I (sine ot angle of incidence) = ^y (Fig. 255), and si 
S (sine of angle of refraction) = — -— . Ilence, the Index ot refracti 
_ slnol ^EC FC 
sine K ED' F I) 




I§ 324, Critical angle; total reflection. — Let SS' (Fig 
ffl60), lepreaent the boundary-surface between two media, . 
te,0 and BO incident rays in the more refractive medium {e.g. 
^ass) ; tlieu OD and OE may represent the same rays respc 
tively after they entor the leas refractive medium (e.g., . 
It will be seen that, as the angle of incidence is increased, fl 
refracted my rapidly approaches the surfaee OS. Now, t 
jjiust he an angle of iucldenee {p-'J-, COM) such that the a 



REFRACTION AND TOTAL REFIJSCTION. 856 

of refraction will be 90** ; in this case the inoidt^it my CO, iiflor 
refraction, will just graze the surface OS. This is calli'd the 
critical or limiting angle. Any incident ray, as J^O, iimkiiig a 
larger angle with the normal than the critical angle, cannot 
emei^e from the medium, and conseiiuently is not refVacted. 
Experiment shows that all such rays undergo intcTnal reflection, 
e,g,, the ray LO is reflected in the directicui ON. Reflection in 
this case is perfect, and hence is called total reflection. Total 
reflection occurs when rays in the more refractive medium are in- 
cident at an angle greater than the critical angle. Surfaces of 
transparent media, under these circumstances, constitute the 
best mirrors possible. The critical angle diminishes as the re- 
fractive index increases. For water it is about 48. V° ; for flint 
glass, 38° 41'; and for diamond, 23° 41'. Light cannot, there- 
fore, pass ont of water into air with a greater angle of incidtMu-e 
than 48^**. The brilliancy of gems, particularly tlie diamond, 
is due in part to their extraordinary power of internal reflection. 
li is evident that all incident light embraced in the angular 
space KOS, not reflected at the surface, is condensed by refrac- 
tion into the angular space COM of 48^°, or that the wliole 
light that passes into the water is condensed into an angular 
space of 97°. A diver, looking upward, can see external ob- 
jects, as it were, only through a circular aperture overliead of 
limited diameter ; while beyond this circle he sees, as tlie effec^t 
of total reflection, the various objects on the bottom. 

§ 325. Illustrations of refraction and total reflection.— 

Bxperiment 1. Place a bright coin in a tumbler of water, and tilt the 

glass till the light from the coin strikes the surface of the water above 

with sufficient obliquity, so that, looking upward toward that surface, 

you can see there a distinct image of the coin. 

Experiment 2. Thrust the closed end of a glass test-tube into 
water, and incline the tube. Look down upon the immersed part of 
the tube, and its upper surface will look like burnished silver, or as if 
the tube contained mercury. Fill the test-tube with water, and immerse 
as before ; the total reflection which before occurred at the surface of 
the air in the submerged tube now disappears. Explain. 
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^B Kipcrimrnt 3, I'ltU'r iitK^oloroii gloss bemls. or glaas brokeii intii 
^B HiiiU^ hiimll |iUrcR. In a lt*Hii1w. They appear not only wliite, due to 
^H tUlTnsiil reflection, but quite opaque, 

^* " iliio to ri'fraction aud Internal reflec- 

1. Pour .lorae water luto the lubl-, 

I aiiil it lieconies somtiwliat translucent. 

t;iil>H(lttiti; spirits of turpentine for 

tlii^ »ati.T. and the traasluccDcy U 

Incivaceil, By mixing a. small i(uautity 

of carbon bl.HUlplilde wltli tlie turpen- 

tini', or olive- oil with oil of cassia, 

u lii|iiid can lie obtained whose re- 

I rrni-iivc index is about tlie same as 

t i)C glass, whfu the light will 

.s tlirougli ilic liquid withont ob- 

ictiou, and the beads become trans- 

pun-Dt aud nearly invisible. The last 

iispnri^nl 'tuil;/ iHlhiti another can he atfit 

Ponlg ahen Ihrir rit/riu'tiee jmiccrs differ. Place yont eye on a level with _ 
ttie surface of a hot stove, and yon may obser\'e a wavy motion in the 
mir, due to the mingling of currents of heated and less refractive air, 
with CHoler aiiil more refmcHve air. 

A ray of light from a hcaveuly body A (Pig. 361) undergoes ft ■ 
series of refractions as It reaches successive atrata of the atmos- J 
pherc uf constantly In(Tea«lng density, and to an eye at the earth's, 
surface appears to come from a point A' in the heavens. The gener 
cflfett of the atmosphere on the jtath of light that traverses It is si 
SIS to increase the apparent altitude of the heavenly bodies, 
ns to sec a bod; (B) which is actually below the horizon, and proloni 
the apparent stay of the sun. rooon, and other heavenly bodies aboi 
the horizon. Twlllijlit is due both to refraction and reflection of lig] 
by the atmosphere. 




LV. PMTSMS ASH MiXSKt). 
§326, Optical priema. — An upticHl prUin 
tranBpari.'nt wetigo-shapwl Ikxiy. Kijtii 
transverse Bcctiou of snoh a 
[irism. Let AB lie a mj of 
light incklent ujion ont* of its 
surfaces. Ou enK^ring l\w 
prism it is refracted tomml llif 
iiormal, and takes the diri-ctioii 
BC. Oil emerging from thv 
jirisiu, it is again relVaL'tt^d. but 
now /Aim the uormal in tbe itiiriiii>u ( !i 
emits the ray will appear to be at 1'. Obswri 
at both refractions, is bent towai'd tlie thii.'lti 
the prism. 

S 327. Lenses. — Any ti'ansparent medium houndod hj' bfd 
cur\-cd surfaoes, or one plane and the other curved, is a lens. 

Experiment 1. Procure a couple of tenses thicker In tlie midtUe 
than Dt the edge. ; strong .'^peittaclt- gla-ii^cs, or the larfce lenses In an 
opera glass, will auewer. Hold one oT the lenaef in the sun's rays, and 
ce the path of the beam In dosty air (made so hy strllilDg togetl 
blackboard rubbers) after it passes through the lens ; also, that 
'j>aper screen all the rays may be brdiiRlit to a small eircle. 
int, not far from Fig. 2*3, 

lens. This point 
called the .forrrs, 
ItBtUstancefi'oni 
lens, the /nrfil 
ot the lenis. 

the focal 
of this lens, and of th- ^ccmd, fliid tlien of Iln- two logether. 
Tod find the focal len^h of the two combined li« less than of elthtr 
alone, and learn that the inor« powerful a lens or combination 
Ihem is, the shorter the focal length ; that is, the more qnickly are tl 
llel ra; s that enter different parts of the tens brought to 




^ 




j^^irallel 
^Butlter. 
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Esperlmpnt 2. Procure a lens thinner In the middk than at its 
One ot the Hmall leoscs or eye-glasseH ot an ii|n?r8 glasB will 
■- Repeat the above experiment with this lena, and notice thai 
the light emerging from tlie lens. Instead ot coming to a point, becomes 

Leiiscs are of two classes, converging and divei^ing, accord- 
I ing aa they collect or scatter beams of light. Each class com- 
j prises three kinds (Fig. 263) : — 



L L DoublG-nnti 
(x PlUKi.canv« 



A straight line, as AB, normal to both surfaces of a lens, 
Iftnd passing through its center of curvature) is called its prinid- 
In every lens there is a point in the principal axis 

Balled the oplicoi ixnter. Every ray of light that passes through 
Wit has parallel directious at incidence and emergence, i.e., can 
PenfTer at most only a slight lateral displacement. In lenses 1 

and 4 it is half-way between their respective curved surfaces. 

A ray, drawn through the optical center from any point of 

object, as A« (Fig. 209, p. 3G2), is called the secondary a 

of this point. 

§32a Effect of lenses.— We may, for convenience of illm 

p.,, „j,i ti-ation, regard a convex lena aa compoBed 

approximately, of two prisms placed base b 
I base, aa A (Fig. 204). and a concave len 
as com[K>8ed of two prisms with their edge 
in contact, as B. Inasmuch as a bea 
pencil of light ordinarily strikes a lei 
Biicb a manner that the rays will be beq 
toward the thicker parts or bases of thea 
approximate priama, it is obvious that the lens A would tea 
to bfud the transnaitted rays toward one another, while Hi 
/ens B wotikl tend to separate thum. Ttie general effect of oj 




EFPETT or LESST9. 




ml smnllfxt. Or in a nHiia 

itig ti Ifiis nt 11 foiiBidcnilile 



convtx lenses is to ennvery. ImnirmilUit nii/n ; itnrf if 

/ciise*. to muae them to divfn/f. Incident my» parallel witli tl» 

lirindpal axis o( a convex lens are broiiglit to a fociis F ( Fig. 2fiS) 

at a. point in the prioeipal axis. This point is called llii- ffin- 

ripal foctiHf i.e.. it is the focus of incident myt pundlcl witli the 

principal axis. It may p,^ ..,.., 

W found by holding the 

IfnB so that the rajs <>f 

ilii- sun may fall perjieu- 

liicularly ujion U, and tlicii 

moving a sheet of ii;ii"t 

Kirfc and forth hehiud ii 

iiittil the image of tUo 

-uu formed on the paper is brightest a 

it aiay be found up proximately by lioldi 

ilistance from a window, and reguLiting the distance of the papuT t 

so that a distinct image of the window will be projected nimn lul 

Tile focal length is the distance of the optical center of Urn lens 

Lo the center of the image on the paper. The shorter this 

'[istauce the greater is the power of the lens. 

If the paper is kept at the iirincipal focus for a short 
lime it will take 
lire. Hence, this 
i? the focus of 
heat as well as of 
hyht. The 

apparent why 
_a>nvex lenses arc 
called 
ming glasses." 
. pencil of rays 
emitted ftam the principal focus 
point, becomes parallel 
the rays emanate from a point 
l^agreea, but the divergence 
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Bytiiiil the priiK-ipal focns, the raja art.- rendered conTergent. 

jnt-ave tens causes parallel incident rays to divei^ as it 

ley mine from a point, as F (Fig, 26G). This point is tiiere- 

e its prideipnl fwus. It is. of course, a virtual foaig. 



§ 329. Conjugate foci. 




I other imini 
' ; rays scut 
■om S' to the 

leuB would converge to S. Two iioiiit> tluis related are eaUcl 
coi'ju'jnte f'ici. The fact, that rays which emanate from 
lint are caused by convex leuaes to collect at one 
I'es rise to real irac^cs, as in the case of concave milTOn^ 

§ 330. Imagres formed. ~ Fairly distinct images of oU 

[ may be formed through ven/ amalt apertures (pAgQ 3S(i)f 
I owing to the small amount of light that passes thraoj^ 
I aperture, the images are very dedcicnt in brilliancy. If 
I aperture is enlarged, brilliancy is increased at the expeim 
f idiatinctness. (Why?) A convex tens enable ujt to obtain 
1 hriUiancy and distinetnesa at the same time. 

Kxperlment I. By means of a pnrCe lumiire A (Fig. 268) Introduce 
' horliontal heam of light into a darkened room. In Us path place ai 
object, as B, painted in transparent colors or pbotograpbed on glaa 
(Transparent pictures are cheaply prepared bj photographers for snalif 
and llme-liglil projections.) Bejond tlie object place a convex lens! 
and beyond the lens a screen S. The object being illuminated by Q 
Lbflam of light, all the rays diverging from any point a are bent by tl 
.e together at the point a'. In like manner, all tbe ra; 
fcfocBfldlng from c are hronght to the same point ff ; and so also for I 
T^termertlate points. Thus, out nf the billions of rays emanating frO 



IMAGES FOltJtED. 



SOI 



Ca/di of the mtUiODs of points oa the object, those that reach the leas 
are guided by it, eEu:h to Its own nppropriate point in the image. 
)H (Evident tliat tLcre tDUst result an image, both bright and distinct, 
provided the screen is suitably placed, i.e., at the place where the 
rays meet. But if the screen is plitced at S' or S", it is evident 
that a blurred, imufje will be formed. Instead of moving the screen 
back and forth, in order to "focos" the rays properly, tt is cus- 
tomary to move the lens. 

Kxperlment 2. Fill some globular-shaped glass vessel (f.g., a Aasfc, 
decanter, or flsh-aquaiium) with water, and place it 1™ in front of a 
wiilte wall of a darliened room. A little beyond the vessel place a 
candle dame, and move it t>acfc and forth till a distinct image of the 
name is projected upon the wall by the water lens. Move the vessel 
farlticr from the wall, and, on again focusing the Qume, its image a 
■- larger than before. Itepeat the same witli a glass leus. 




By properly varj'ing the distances of the lens and flame from 
the wall, in the last experiment, yon may learn that when the 
ilistance of the object ia twice that of the principal focus, the 
object and image are of equal size. "When the image is within 
twice the focal distance it is less, and when beyond this b 
distance it is greater, than the object. In all cases the ci 
sponding linear dimensions of an object and its image ace to one 
anotfier directly as their respeciive distances from the optical center. 

15 331. To coDBtmct the image fbnned, by a convex lenB. J 
filven the lens L (Fi^:, 2r,!i), whose principal fociin is at F (o 
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r rmys ciimlng trom tin' "iliw <IIrcctlon), and object A B In fmiit Of 
Iwo •>t Oie niwiy rmjB Trom A will detemUne where its inapl 
h fomwd. Th« onl; two (hat am be ti-Hced casilj kk. the one iknj 
gHMiulary axlB Aliii. aiid the oivc parallel Ui the prioclp^ui 




» 



the InlUT will Ite cievlated so as to pass tLrougli the principal focuB 

III .irit-rward Intersect the principal axis ul some ])oinU; wi^ 
la the (conjugal* focus of A; similarly for B, and all iiit« 
pt^ts along the arrow. Thus, a real, inverted tmaye la ron»«l»t^*' 



Fig. a 




. § 332. Virtual images. — Since rays that emauate fro" 
Lpoint netirer the lens than the principal focus diveige «t* 

■•greas, it is erident that their focus must he virtual and on 
isame nido ol' the lens aa tlie object. Hence. t>ie image of 



SPHERICAL ABEEKATIOS. 



ohjeiA placed near^ the tow thau the prindjial fonui is virtwal, 
■maffnijied, and n-eti, as sliowD in Figurv ~2Tu. A PODvex leas 
used in tbis manner is ca]Ie<l a Mmjile microacope. 

Since the effect of concaTe lenses ia to s<«tt«r traasmitted 
nye, pencilfl of rays emitted from A and B (Fig. ^71), after 



refraction, diverge as if they came from A' aud R', and the 
imi^e will appear U> be at A'B'. Hence, im^es formed by 
concave lenaea are virtual, erect, and smntlei- than the object, 

§ 333. Spherical aberration. — In all ordinary convex 
lenses the curved siu-faces are epheripal. and tlie angles which 
incident rays make with the little plane surfaces, of which we 
may imagine the i^pherical surface ta be made Dp, increase 




rapidly toward the edge of the lens. Hence, wliilc tliose rays 
li'oni a given point of an object, as A (Fig. 272), which pass 
through the centi-al portion, meet approximately at the same 
point F, those which pass through the marginal portion are 
deviated ko much that tliey cross the axis at nearer point*, i 



wtr. 



1 blarred i 



I 



from ft ftin^p tocaa » called 
be Urg*lT cnn«ct«l br idI 
272). providMl whfa m. ccatnl 
M to olwtniet tfaow rsTB thtX [mm 
the lens. 





I.VI. PRISMATIC ANALYSIS OF LIGHT. —SPECTBA- 

} 33^ AnalTsis of 'wbita lierlit. — Experiment 1. Paste ttn" 

loll smootlily over onu side of a glass plate about 6"" square. 1 

I c«nti?r of iho foil cut a silt 3™ long by 1™° wide, leaving smoott 

U And pitrallel udgOH. Place tbc plate with tlie Ji^lit \a the apertore 0^ 

te lumiiri- eo na to exdude all light from a darkened room except 

It whlcli possess thrcmgh tlie slit. Near the slit interpose a doabll 

C lens of (say) 10-inch focus. A narrow sheet of light * 

ntrerie the room and produce an Image AB of the slit on a wU 

] placed 111 its path. Now place a glass prism C iu the path 
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the beam with its axis (the straight line connecting the rent<*rM of tli«* 
triangular faces) vertical. (1) The light now is not only tiinuHl from 
its former path, but that which before was a narrow nlifot, is, aft4*r 
emerging from the prism, spread out fan-like into a w('(ig<>-Nha|M><l 
body, with its thickest part resting on tlic Hcret^n. (*2) T\w imagt*. 
before only a narrow vertical band, is now drawn out into a long 
horizontal ribbon of light DE. (3) The image before wlilte, now 
contains all the colors of the rainbow, from red at one cud to violtrt 
at the other; it passes gradually through all tlie gradations of orango. 
yellow, green, blue, and violet. (The diflTerence in deviation between 
the red mud the yiolet is purposely much exaggerated in the figure.) 

From this experiment we leani (1) that tchite liijht is not sim- 
ple initB oomposition, btU the result of a mixture, (2) Jlie colors 
offMck m^Ue light is composed may be separated by refraction. 
(3) 1%B cause of the separation is due to the different degrees 
of deviaUan which they undergo by refraction. Ked, whicli is 
always least turned aside from a straight path, is the least 
refirang^ble color. Then follow orange, 3'ellow, gi'een, })liie, and 
violet in the order of their refrangibility. The many-colored 
ribbon of light DE is called the solar spectrum. This separa- 
tion of white light mto its constituents is called dispersion. The 
number of colors of which white light is composed is really 
infinite, but we have names for only seven of them ; viz., red, 
orange^ yellow, green, cyan-blue,^ idtramarine-blue, and violet; 
and these are called the primai^y or prismatic colors. The 
names of the blues are derived from the names of the pigments 
which most closely resemble them. The rainbow is an illustra- 
tion of a solar spectrum on a grand scale. It is the result of 
the dispersion of sunlight by rain drops. 

The spectrum may be projected upon a screen, or it may be 
received directly by the eye, as in the two following experi- 
ments : — 

Experiment 2. Upon a black card-board A (Fig. 274) paste a 
strip of white paper S^*" long and 2"™™ wide ; and place the prism and 
the eye as in the figure. Now a beam of white light from the strip is 

1 See Rood's Modem OhromatlcB. 
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rnfMctiMl tuxl illspnrscd by llio prism, anil, fatUng upon (be lOtink ol 1 
tht ryi', joii »*Mi, not tho nurrow whlM atrip iu its true position, liol 1 
a Hpoclniin !u tho position A'. TUis experiment is perfonnud is 
lliChUtl room. 

Kxprrimrnt 3> lustoad of a continuous white strip, pisU slion 1 
■trlpfi of red. whit«. and blue, end to cdcI, oq tlie black card, as r«pre- I 
Mjr,S7t. seuteJ in Figure 275. The spectrum of eacbcolor 

^^— Is given on the rlglit, the liglit portions repru- | 

^P^l eentlng the iUuminatcd parts. ,^ 

^^M It wiU be seen that in the „'^"'' 

^^^^ spectmmuf thered, thegreen, ■ ^^^^^H 

(blue, and violet portions arc In ^^^^^| 
^p^ almost completely dark, but H ^B^^H 
^M| there Is a taint trace of or- jl H^^| 
l^nA angc; In the spectrum of the p ^|^^H 
^^|f blue, the red, orange, and yel- ■■ ^H^^^H 
^vVi low are wanting, blue and vio- B^ ^^^^^^ 
I Vi It't arc present, and a small H ^^^^^^| 
I ■^iJi <l"B"tity of green. (What 
I j^ lessons does this esperimeut teach?) 
I EKperlment 4, In place of the white strip of 

^ piipM iisfci in Exp, 2, admit light into a dart 

room through a narrow silt, and examine its spectmra. 

S 335. Synthesis of white light, — The composition of 
whiti; liglit h.ia been ascertained by the process of analysis ; can 
it be verified by spithe-fiaf — i.e., can the colors after dispersion 
he reunited? and, if so, will the result of the reunion be white 
light? 

Kxperlmcnt 1. Place a second prism (2) in such a position ^ that 
light wIiLcli has passed through oue prism (1), and been refracted and 
decompoficd. may be refracted back, and the colors will be reblended, 
and a wliite image of the slit will be restored on the screen. 

Experiment 2. Place a large convex lens, or a concave mirror, so 
as to receive the colors after dispersion by a prism, and bring the rays 
to a focus on a screen. The imago produced will be white. 

Experiment 3. Receive tho spectrum on a common plane mirror* ' 
and rapidly tip the mirror back and forth in small arcs at right angles 
to the path of tho light, and the light reflected by the mirror npon » 
screen wiU produce a white image on the screen. 
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t6. Cause of color and dispersion. — The coIot of Ug/tt 

termin'^ solely by the number of waves emitted by a lumi- 

\s body in a second of time, or by llie correspmiding wave-length, 

t ciense medium, the short waves are more retarded than the 

ber ones; hence they are more refracted. Tliis is the cauBO 

idieperaion. The ether waves diminish in length from the 

I to the violet. As pitch dcpeuds on the uumber of aeriaj 

a which strike the ear ia a second, so color depends on the 

r of ethereal waves which strike the eye in a second. 

n well-established data, determined by a variety of methods 

^ Imger works) , physicists have calculated the ntimher of 

a that succeed one another for each of the several prismatic 

I, and the corresponding wave-lengths ; the following table 

Hfna the results. The letters A, C, D, etc., refer to Fraun- 

Sfi* lines (sec page 370) . 



...305,000,000,000,000 
. . . 458.000,000,000.000 

...sio,ooo,ooo,ono,ooo 

E 000537 570,000,000,000,000 

r 0004SG 618,000,000,000,000 

G - . .000431 <iH7,000,000,000,000 

... ,,..H 0003il7 7fiO,0O0,OO0,OO0,000 

s a limit to the sensibility of the eye as well as of the 

The limit in the number of -vibrations appreciable by the 

eye lies approximately within the range of numbers given in the 

above table ; i.e., if the succession of waves is much more or less 

rapid tiian indicated by these numbers, they do not produce the 

isation of sight. It is evident that the frequency of (lie waves 

ted by a luminous body, and consequently the color of the 

nisi depend on the rapidity of the vibratory jno' 

f of the molecules of that body, i.e., upon its temperature. 

a has been shown in a convincing manner as follows : The 

BDperature of a platinum wire is slowly raised by passing a 

lally increasing current of electricity through it. At a 
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i 33B. SpctCtroecope. ~ A mall inftnmiMit caUed ft pocb 
tffftr:vn}^' M-iU ■uiwrr for all experloMiiU ffreo in this book. 
' itatxiraU- rxpcrliiK-nu rei)iiire more elaborate apparatus, a descriptla 
lil'li niii*l Iw iH>u(;l>t for In largo- works on tliU ^abject. ' 
iMlruiiiciit ('•iiiUiiiB ttirMf or oxm prteme, A. B, and C (Fig. 376). 
^•iu« ore i-iKfl'iwd io a braM tube D, and this tabe in anotiier tnb« B 
f !■ B I'onvrz linw. and O U an adjostable elit. By moving the ir 
<i> \itu\\ anil forth, tlie Instrumeiit ma; be eo focused that paralk 
■ wtll fall upon \iTUta A. By varying the Idiid of glass ased In tl 
lllir">'''iil. iirlamii, a* wcil a* Uiclr structure, the deviation of light fro 
A Dlrulic'il' callii III paanliig tliroiigti them, i.i overcome, whUc tbe ctl 
mn\iia U frnwrvud. On account of the directness of the path of Ugl 
^WMllifh It, ttiU Imtrutnent Is called a direct-rition ipertroKopt. 

* It !• MiwiMil lliai till popU will be provlilKl wlcb ■ pocket dpeclnHKape, the u 



BRIGHT-LINK SPEfTBA. 869 

§ 339. Bright line, absorption, or reversed spectra, — 
ISxperiment t. Open tbe silt a little less than 1""" wide, and look 
through the spectroscope at the sky (not at the sun, for its light is too 
lutuuse for the eyej, and you will see a cuutinuous iKpectnim. 

RKperimcnt 2. Repeat the last experiment with a candle, beroseue, 
or urillnary gas flame, and yon will obtain similar results- 
Experiment 3. Take a piece of platinum wire 10°° long, seal one 
end of It hy f nsion to a short glass tube for a handle, and make a loop at 
the oOier end about I"™ In diameter. Wet the loop in clean water, 
dip it into pulverized common salt, oud iutroduce it into tbe almost in- 
visible and colorless flame of a Bunseu burner. Instantly the flame 
becomes luminous and colored a deep yellow. Examine the light with a 
spectroscope, and you will And, instead of a continuous spectrum be- 
ginning with red, only a bright, narrow lino of yeUow in the yellow part 
of the spectrum, next the orange. Your spectrum consists essentially 
of a single bright yuUow line on a comparatively dark ground (see 
Sodium, Fig. 277). 

Experiment 4. Heat the platinnm loop until it ceases to color the 
flame, then wet it and dip It Into ehlorlde of lithium, and repeat the 
last experiment. Ton obtain a carmine-tinted flame, and sec through 
the spectroscope a bright red line and a faint orange line (see Lithium, 
Pig. 277). 

Experiment 5. Use potassium hydrate, and yon obtain a violet- 
colored flame, and a spectrum consisting of a red line and a violet line 
(the ktler quickly disappears). Use strontinm nitrate, aud obtain a 
crliusoo flame, aud a spectrum consisting of several lines in the red 
and the orange, and a blue line. (See Potass, aud Stron., Fig. 277.) 

Experiment 6. Use a ml^iturc of several of the above chemicals, 
and you will obtain aspectrnm containing all the lines that chsracteiize 
the several substances. 

Every tbemical compound ubp<1 in the above experimenta 
contains a (different metal, e.g., common salt contaius tbe metal 
sodium ; the other substances used successively contain respec- 
tively the metals lithium, potassium, and strontium. These 
metals, when introduced into the flame, are vaporized, and we 
get their spectra wheu in a gaseous state. AH gases give dis- 
coitfijiuoua, or bright line, spectra, and no two gases give the aame 
spectra. The fact that in the second experiment we obtained 
continuous and similar spectra, appears to contradict the last 
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twn etAlenente. But it sboulil be remembered that all that 
girrs light in tboae flamea is small particles of solid carbon 
llonting in the burulng gaa. We see, then, that the apefirosmpt 
funiiake* u» with a nliable means of determining, at any time. 
wkfthrr light prDC«*rfs from a lumiiwus solid or a Iwminous gai. 
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S 340. Dark-line spectra.— ExporimBnt l. Close theslltof 
the spectroscope so that tlie aperture wUl be rery narrow ; direct It 
once more to the sky, and slowly move the iiiner tube back and forth, 
aud you will And, with a certain suitable adjustment which may be 
obtained by patient trial, that the solar spectrum is not In reality con- 
tiniious, but Is crossed by several dark lines (see Fig. 277) . 

Experiment 2. The electric light is now in so common use that it 
may be possible to perform this experiment. Between the electrir. 
light and the spectroscope introduce the flame of a Bunsen burDcr. and 
color it yellow with salt. Examine the electric light transmitted 
through this yellow flame. 

In the last experiment you will naturally expect to And the 
yellow part of the spectrum uncommonly bright, for there would 
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rently be added to the yellow of the electric light the yeUoir | 
e Baited flame. But precisely where you would look for 
^htest yellow, tliere you discover that the epectrum is crossed 
La dark line. If you use ealta of iitliium, potassium, nud 
Ipntium in a similar manner, you will find in every case your 
ectmm crossed by dark liuea where you would expect to find 
^ht lines. Remove the Bunsen flame, and the dark lines 
jappear. It thus appears that the itapors of different suh- 
s absorb or queitch the very aame rays IJuU they are capable 
I emitting ; very much, it would seem, as a given tuning-fork 
a from vaiioua sounds only those of a definite wave-length 
jspondiog to its own vibration -period. The dark places of 
ectrum receive light in full force from the salted flame ; 
B light is 8o feeble, in comparison with those places illiimi- 
ted by the electric light, that the former appear dark by con- 
Light transmitted tlirough certain liquids (as sulphate of 
inine and blood) and certain solids (as some colored glasses) 
1 dark-line spectra. These spectra arc obtained only 
Q light passes through media capable of absorbing rays of 
[■e-iength ! hence, they are commonly called abaorp- 
' t(&n spectra. Since a given vapor causes dark lines precisely 
where, if it were itself the only radiator of light, it would cause 
bright lines, dark-line spectra are frequently called reversed 
spectra. There are then three kmds of spectra : mntmuou^ 
fipet'tra, produced by luminous solids, liquids, or, as has been 
found in a few iostauces, gases under great pressure; bright- 
line spectra, produced by luminous vapors ; and absorption speo- 
tra, produced by light that has been sifted by certain media. 

34L Spectrum analysis. — More elaborate epectroscopeft 
contain many prisms, by which we greatly increase the purity of 

spectrum. (Bj- purity is meant a freedom from the over-- 
lapping of images of the slit, by which many lines of th« 
spectra are concealed.) They also contain an illuminated scala 
-ffhich may bo seen adjacent to the siwctmm, by which the exact 




or in a dtsUnt 
. fnmtsbes ue • 
r absence) of 
t b OHDbined or mixed 
Iti» ■oCBVCMSuy that the 
staiHW "^boahl «xi!t in laic* qiuntiCKS : for exsmple. the four- 
U:t:n-m".i\-mti\ fiart of a miU^ram of sodium can be detected by 
the H't-f^zirnK.ftp^. Siil>^tanc<ed that are not easitv cODverted iDto 
vajfiiri at l'j« lemperatnres may be placed between the poles 
'if fin ':lcr-tric liattery or an inductioa coil. The heat generated 
by »-l»-otri'riiy will vaporize all substances. After maps of the 
ufr'-'^ra i/t all known sut^rstant-es have been made out. if. on ex- 
(iriiinntion of a complex substance, any new lines should at any 
tirrM' ii]i]M:aT in the spectrum, it would indicate the presence of 
n diibHtiirict; hitherto undiscovered. It was thos that the elements, 
(wniiiiti, nihidiura, thallium, and indium were discovered. 



5 342. ColeBtial chemistry and physics. —The apectrnm 
•t iron liiis liccri mapped to the extent of 460 bright lines. The 
'iliir "pc'-lTiitn nimihhcs d.irk lines corresponding to nearly all 
ln'oc l.rlnlil, liiicH. Can there be any doubt of the existence of 
i'"(i 1(1 llii' mm? By examination of the reversed spectrum of 
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the sun. we are able to determiae witli certainty the existence 
there of sodium, calcium, copper, zinc, magnesium, hydix)- 
i^en, and many otlier known substances. Again, from our 
knowledge of the way iu which a reversed spectrum can be pro- 
duced, wc may conclude that the sun consists uf a luminous 
solid, liquid, or nn intensely heated and greatly condensed gas, 
and that this nucleus is surrounded by an ntraospheve of cooler 
vapor (called a pliotospliere) , in which exist at least all the 
substances just named. The moon and other heavenly bodies 
that arc visible only by reflected sun-light give the same spectra 
as the sun, while those that are sell-luminous give spectra which 
differ tVom the solar spectrum. 

S 343. Heat and chemical spectra. —If a, sensitive ther- 
mometer is placed in different parts of the solar spectmm, it 
will indicate heat in all parts ; but the heat generaUy increases 
from the violet toward the red. It does not cease, however, with 
the limit of the visible spectrum ; indeed, if the prism is made 
of flint glass, the greatest heat ia just beyond the red. A strip 
of paper wet with a solution of chloride of silver sutfers no 
change in the dark ; in the light it quickly turns black ; ex- 
posed to the liglit of the solar spectrum, it turns dark, but 
quite unevenly. The change is slowest in the red, and con- 
stantly increases, till about the region indicated by G- (Fig. 271), 
when it attains its maximum ; from this point it falls ofT, and 
ceases at a point eonaiderahl3- beyond the limit of the violet. 
It thus appears that the solar speetrnm is not limited to the 
visible spectrum, but extends beyond at each estreaiity. Those 
rays that lie beyond the red are usually called the uUra-i-ed 
rays, while those that lie beyond the violet are called the ultra- 
violet rays. The nltra-red raya are of longer vibration-period, 
and the ultra-violet of shorter period, than the luminous rays. 

§ 344. Onlyonekindof radiation.— The fact that radi- 
ant enei^y prodLiees three distinct effects, —viz., himinous, 
I^Untiug, and chemical, — has given rise to a quite prevalent idea 

I II il 



IST4 BAtUAKT BNXRGY. — L1GBT. 

tkai Ihvn MW Uuvc dbtinnt kiada of radiation. There is. hmr- 
•ffTt ftbMtalwty uo |>n>of Uuit tLese different effects are pirdKal 
b^ diflwwot kwdl or t-ndiation. Thi same Todiatiun thai pndu^ 
trt rifiom tan ytH^ntlt Ami and ebemtcal action. The (act ibil 
tb>^ ullni-rmi mmI uluu-Molft rays do not affect the ext 
Dot luyiH- Ibat tiivy aro ot a difl'erent nature from those Ihatdfi) 
but it ^hMv* allow that thuni ia a limit to the suscepdbilitr of tbt 
«^ t» nc«iv« iupraMums from mdintion. Juet as there tn 
MUnd'WftVM of loo long, and others of too short, period b> 
•OMA tlw Wt ao then an etherial wares, some of too long, sod 
othifrw tff loo abxttl, {wtrlttd to alfect the eye. It is true, bov- 
•wr, Ibttt W5H>'» of lon^ iwrioil from the sun are more ene^tifl 
ta produoing h«'atiug fSccts thriii those of shoi-t period 
titOM of abort iieriod ar« more effective in generating chemical 
acdon tn certain aubataitiiv than those of long period ; wt^e 
_ M^y ttao*** whidi He between the exti-emes affect the eye. 
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S 345. Color produced by absorption. — " All objects are 
liliU'k ill till' diii'k:" this is I'quivalcDt to saying that v)ithovt 
liijlit llu-i-f in no rohi: Is <.-oloi- a quality of an object, or is it a 
qujility of the lij;ht which ilhiiiiiutktcs the object? 

Experlnirnl I. Wo hnvo Tovni\ that common salt introduced Into 
a Buitsoii rtHUie rcmlers it hiuihious, and that tlie light wlien analyzed 
with a prism Is found tii contain only yellow. Expose papers or 
fabrics of various colors to this ligtit In a darkened room. No one of 
them cJ-htWW I'M u<T(niv(f riiJ.ir except yellow. 

Exprrlment 2. Hold a narrow strip of red paper or ribbon In the 
red portion of tlie solar sjiectrum; It appears red. Slowly move it 
toward the other end of the spectrum ; on leaving the red it becomes 
darker, and when it reaches the green It Is quite black or colorless, nnd 
remains so as it passes the other colors of the spectrum. Repeat the 
experiment, using other eolors, and notice that only in light of Its own 
color does eacti strip of paper appear of its natural color ; while In ill 
other eoloi-s it is dark. 



liese experiments show that (1) color is a quality of the light 
i illuminates, and not of the object illuminated; (2) in order 
mtm object may appear of a certain color, it must receive liglit 
it color; and of course if if receives other colora at the sam« 
:, it m-ust be capable of absorbing them. The energy of the 
I absorbed is converted into heat, and warms the object. 
1 white light strikes an object, it appears white if it refieeta 
Ihe colora. If red light falls upon the same object, it appears 
^ for it is capable of reflecting red ; or it appears green, if 
1 light alone falls ou it. If white light falls upon an object, 
I all the colors are absorbed except the blue, the object ap- 
i blue. When we paint our houses we do not apply color 
{them. We apply substances called pigments, that have a 
yertj- of absorbing all the colors except those which we would 
r houses appear, 

Ixperiment 3. By means of a.porte lumilre Introduce a heam ot 
a dark room.. Cover the orifice with a deep red (copper) glass, 
e white light. In passing through the glass, appearu to be colored 
Does the glass color the light red t 

ment 4. With tbe slit and prism form a solar spectrum, and 
n tiie prism and screen Interpose the red glass. All the colora 
Vtiie spectrum instantly disappear except the red. 

Bit thus appears that a red transparent body ti'ansmita only 
, and absorbs all other colors. No body gives color to light 
t»t it reflects or transmits. 

§ 346i Sky colors. —l^xpcrlRienC 1. Dissolveallttle white cas- 

beoaplna tumbler of water; or, better, stir luto the water a few dropB 

n alcoholic solution of mastie, enough to render the water sllghttj 

Place a black screcu behind the tumbler, atid examine tlic liquid 

dJ reflected sunligbt, — the liquid appears to he blue; ciaraine the 

liquid by transmitted sunsliiuc, — it now appears yellowish red. 

Skylight is reflected light. The particles of atmospheric dust 
(of water, probably) that pervade the atmosphere, like the fine 
particles of mastic suspended in the water, reflect blue light j 
while, beyond the atmosphere, is a black background of darkneas. 
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■M «M mat* mn, ttom tUk. eawtoclo thac Ifas hb b wuIi m 
Ma* : (br. mUb bhw glM*. bat lOce tfae tocbid lu;iiid. li n 
■itt* T^Hmr flnd wd «5* fturiy. mi Uuk. smen 'n- n* 
Ugtrt it m hloK, hot wmi hf traamniOiMl li^t it is jviimmh ad. I 

■ II «Ml tin tBHUernf Ihiuid 17 tnuwnitttil H 
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WWn tfw am it BHir tte bmuim, it* rnya travti a. ^ 
ilMMin' in UiB air fo mM^ Um? ■■arth tbnn niiea it i& in the zeoitt 
imm Fi^ :2(tl. p. -I-Ui) : aoti«m|(u>atK- . tbrm is a greaxer ii 
AlMnrytlnn uul rrilnrtinD in Hie flmuKT i^tn« tltaa in tfae litfter- 
B<rt Um yvUnw and rad raya flntfrr Ibm • WtrnetJan, [Hvportimflllv- 
Aao dw other flolam ; tnaaHiuntlj, tbH« oaloni pmdiuaiuk 
ta A* morniDfi and rvmb^ 

9 9f7. ^"^^*g oalon. — A nrixtaro nf aS t&e prismi^ 
flnlnni. En tlin pntpftrliiin focmd in mmliglit, produces wbitE. 
frill vh\1.- !»■ i.ri"!inv'i in iirv othtr w;iy? 
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ii hlar.k -"iirface A (Fie. 378), abont 4™ ajMrt, 

l.ir pierps of paper, one yellow and the otJiH 

til a vfrtic-al position bfltweeu, and ftt)inl™tD 

.liDvp tlicsp papers, hcilil a slip of plate glaaa C- 

:iiiK r)l)llqiic!l3- down througli the glass yon mil 

lir' liliie pnppr hy transmitted light and the yel- 

;)apr'r liy ri'Iloriion. That ia, you see the objert 

f In till' frirmrr Rase and the image of the objed 

lie lattpr case. By a little manipnlaljon, tli* 

I iTDnffi' mill the object may be made to overi«p ant 

ifliir. when lioth colors will i4>parently djaappesr, 

1 in tlifiir place the color which ia the resnlt of 

niistiiff! will appear. Ia this case it will he 

ill', or, rifher, ctT: which I^ white of a low de- 

■!■■ of luminosity. If the color ia yeilowisll, 

n-r the i;la.ii: if hltii.sh, raise It. 

KKpf^nment 2. fjrit ont of stiff (irawina-paper two circular disks, 

ea(:h IB"" in 'li-imet*:i'. Paint one with chrome yellow, and the other 

with nltrtiinariiip bine. Cut a r.idial nlit in each, and pass an edge of 
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igh the .silt of the other, aud so arrange them that one 
eball partly coDceal the other, leaving rather more blue exposed than of 
the yellow, as In Fisiirc 210. Attach the disks so combined to some 
apparatus by whlcb they may be rapidly rotated; for example, to & 
■' color top," such as are sold at toy stores. Rotate the disks, and the 
colors trill be so blended In the eye as to appear gray ; or, IT either color 
predominates, arrange the disks so that loss of thnt color will be ex- 
posed. Figure 280 represents '■ Newton's disk." whiirh contains the 
Seven prismatic colors arranged In a proper proportion lo priiduce gray 
when rotate; d. 





In a like manner, 
yon may prodace white 
by mixing puqjle and 
green ; or, if any color 
on the circumfereuee 
of the circle (Fig. 2Si>) 
is mixed with the color 
exactly opposite, tlic 
resulting color will be 
white. Again, thethree 
colors, red, green, aud 
violet, arranged as in 
Figure 281, with rather 
leas surface of the 
green exposed than of 
the other colors, will 
give gray. Green mixed with red, in varying proportions, wiU 
prodnce any of the colors between these two colors in the dia- 

t(Fig. 282) ; green mixed with violet will produce any of 
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the colors between them ; and violet mixed with red gives purple ; 
but no two colors mixed will produce any of these three colors. 
Hence, a very widely accepted theorj' is adopted by many, that 
red, green ^ and violet are the three primary color sensations^ and 
that the other colors of the spectrum are simply the products of 
mixtures, in varying proportions, of these three. 

§ 348. Mixing pigments. — Experiment 1. Mix a little of the 
two pi<anents, chrome yellow and ultramarine blue, and you obtain a 
green pigment. 

The last three experiments show that mixing certain colors, 
and mixing j)igments of the same name, may produce very 
different results. In the first experiments you actually mixed 
colors ; in the last experiment j'^ou did not mix colors, and we 
must seek an explanation of the result obtained. If a glass 
vessel with parallel sides containing a blue solution of sulphate 
of copper is interposed in the path of light which forms a solar 
spectrum, it will be found that the red, orange, and yellow rays 
are cut out of the spectrum, i.e., the liquid absorbs these rays. 
And if a yellow solution of hicliromate of potash is interposed, the 
blue and violet rays will be absorbed. It is evident that, if both 
solutions are interposed, all the colors will be destroyed except 
the green, which alone will be transmitted ; thus : — 

Cancelled by the blue solution, J0^ ;f G B V. 
Cancelled by the yellow solution, R O Y G ]rf y. 
Cancelled by both solutions, ]6. fijt Gjijf', 

In a similar manner, when white light strikes a mixture of 
yellow and blue pigments on the palette, it penetrates to some 
depth into the mixture ; and, during its passage in and out, all the 
colors are destroyed except the green ; so the mixed pigments 
necessarily appear green. But, when a mixture of yellow and 
blue lights enters the ej'e, we get, as the result of the combined 
sensations produced by the two colors, the sensation of white ; 
hence, a mixture of yellow and blue gives white. 
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^^ 349. Complementary colors.— Eiperlment. Ouapieceof 
"Whiti;, or better, gray papor, lay ii circular pleco of blue paper lo»™ la 
Uiameter. Attach otie eud of a piece ol tliread to tlio colored piiper, 
and liold lUc other cud in tlic Imnd. I'lacf tlic eyea witliiu about 15™ 
or the colored paper, and look steadily at the ccuter of the paper for 
aboat fifti'en Becontia; theu, wilhoat moving the eyes, suddenly pull 
Uie colored paper away, and iastaiitly thei-e will appear on the gray 
{taper an Image of the colored paper. — but the image will appear to be 
yellow. This ia uaaally called an afier-image. If yellow paper Is used, 
the color of the after-image will be blue; and If any other color given in 
the diagriim, Tignre 282, Ilic color of its after-image ivlll be the color 
that stands opposite to it. 

This phenomenon ia explained aa follows: When we look 
steadily at lilue for a time, the ejes become fatigued by this 
color, and k'sa susceptible to its influence, while they are fuUy 
susceptible to the influence of other coloi-a ; so that when they 
are suddenly brought to look at white, which is a componnd of 
lellow and blue, they receive a vivid impression from the for- 
mer, and a feeble impression from the Latter ; licueo, the pre- 
dominant sensation is j*e!low. Any two colors which together 
produce wliite are said to be complementary to one auother. 
The opposite colors iu the diagram, Figure 282, are complement- 
317 ^ "^"^ another. 

§350. Effect of contrast. — When any two colors given in 
the circle, Figure 282, arc brought in contrast, as when they 
are placed nest one another, the efEect ia to move them farther 
apart. For example, if red and orange are brought in contrast, 
the orange assumes more of a yellowish hue, and the red more 
of a purplish hue. Colors that are already aa far apart as pos- 
sible, e.f/., yellow and blue, do not change their hue, but merely 
cause one another to appear more brilliant. 

§ 351. Color produced by interference. —Experiment i. 

In a vise or other convenient Instrunioiit, press two clean pieces of 
thick plate glass ttrmly together. A number of colors «ill bo seen 
arranged In a certain order, and forming curves more or Icbh regular 
around the poult of pressure. 
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ImeDt 2. Flint one side of a piece of wiudow glas? witb 
dl» Ink eo aa to render It quite opaque ; then, when dry, with the p- 
of a needle rtile fifteen to twenty parnllel Dnes In the Ink, abont S 
apart, eutting quite through the Ink, so that light may pass through tj 
■cratches. Now stand at a distance of twenty feet or more from J 
candle or gas flaroe, screen the eyes from sun-light, oiid look thronq 
the glass with one eye nt the dame ; move the glass to and from t 
^e slowly, so as to properly focus it, and you will sue many s 
of the flame ou each side of it, separated by dark ioterrals. 

BxperUnent 3. PUcc the ruled glass in the path of a beam of lig; 
thrown into a. dark room liy %porte lumiire, and project an Image of tl 
l^ass on a scrccu by means of a convex lens of two to Uve inches foe 
'ieugth, and you will obtain a series of beautiful spectra. 
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If ill the path of the Ijeam a red glass is interposed, a, latgft. 
number of alteruatiug red aud darli lines may be obtained, thougll 
the experiment is a difficult one. Let ns study the last result;;, 
Let the series of parallel lines AB {Fig. 283) represent thfll 
series of waves constituting the beam of light before it strikes 
the raled glass C D ; and EP, the portions of the same waves 
that succeed in passing through the scratches, GH and MN, 
TJje irare-Jengths and the width of the scratches, etc., 
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PKnenselj' exaggerated in the diagram. , Now. if you watch 
waves of water as tliej beat against an obstacle rising above its 
surface, you will see that part of their energy is expended 
forming a new set of waves, which we will call secondary waves, 
radiating from the obstacle and winding around beliind it. In a 
similar manner, secondary waves of light are generated at the 
edges of obstacles against which light grazes. This apparent 
bending of the waves of light round the edges of opaque bodies 
receives the name of diffmction. Sections of such waves are 
represented in the diagram as crossing the original or primary 
waves at certain points, and also one another, behind the obsta- 
cle M. The oontinuona lines represent one phase of the waves, 
and the dotted lines the opposite jjhase, as crest and trough, 
Now, it will be seen that at certain points (denoted by heavy 
dots) which lie in the same line as oi, the primary and secondary 
waves meet in similar phases ; and the consequence is, that the 
point h of the screen OP is illuminated by the combined action 
r>f the two sefS of waves. But at other points (denoted by 
small crosses) , as erf, the opposite phases of the two sets of 
waves coincide with one another, and the result is that they 
tend to ncntralize one another ; and consequently the point d 
of the screen is deprived of light, and a darlt line occurs at 
this place. In a similar manner the points h, »', j, etc., 
illuminated by the joint action of the two sets of waives, wliile 
the points e, /, g, etc., are deprived of light by their mutual 
destruction. Such will be the result when monochromatic light, 
or light of one wave-length is used, as is approximately the case 
when we interpose the red glass. But if white light, or light 
of various wave-lengths is used, it will happen that those 
places which are deprived of red light will receive light of 
otlier colors ; hence the color effects produced when white light 
passes through the ruled glass. Of course waves are generated 
at the pouits G and N, as well as at the points H and M, but 
they are omitted for tlie saice of simplicity. This figure illus- 
)nly in a very incomplete way the complex phci 
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Such experiments as the above furnish a very strong argument 
for the wave theory of light, since two lights produce darkness 
apparently in a manner analogous to that in which two sounds 
produce silence. 

Thin, transparent films of varying thickness, such as the film 
of a soap bubble, are well suited to show the effects of inter- 
ference of light. Some of the light which strikes the anterior 
surface of the film is reflected ; another portion enters the film, 
and is reflected from the posterior surface ; but, by travelling 
twice through the film, the wave loses ground, so that, on emer- 
gence, its phases may or may not correspond with the phases 
of the former portion : this will depend evidently upon the 
thickness of the film at a given point, and the length of the 
waves striking that point. In this manner the phenomena ob- 
tained in the first experiment are explained ; the film in this 
case is the layer of air between the two surfaces of glass. 

Colors are produced by reflection from the surfaces of thin transpar- 
ent fihns of all kinds ; for example, the colors of the soap bubble, of oil 
on water, of the thin coating of metallic oxide formed in tempering 
steel, the changeable colors of the peacock's feathers and of certain 
insects' wings, the colors seen in cracks in glass and ice, are all colors 
of thm lilnis. The halos seen around the moon or a street lamp on a 
misty evening, and the rainbow tints seen bordering the eyelashes 
when, with eyes partially closed, you look at a strong light, are exam- 
ples of colors produced by diflPraction. 

Waves of light which emanate from the points H and M, 
Figure 283, travel equal distances to reach the point i on the 
screen ; but to reach the point g^ the waves from H must travel 
just one-half of a wave-length farther than the waves from M ; 
and to reach the point J, the}^ must travel just one wave-length 
farther. Hence, if we can ascertain the difference between the 
two distances, Hg and M7, we obtain the wave-length for that 
color. In this manner the wave-lengths given in § 336 were 
ascertained. 
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Double re&aotion. — Experiment. Tlirough a card 
"■toebe a pin-hole, aii<l liold tim card so that j'ou may sue bkjliglit through 
the bole. Now bring a crystal of Icelaud spar, Figure 281, between 
the eye and the card. 
*uid look at tlia iiole g, . j 

tlirongh two parallol 
surfaces of tiie crys- 
tal. There wCl appear 
to be twD holes, with 
light shining tbroagb 
each. Caase the crya- 
tal to rotate I a a plane 
parallel with tlie card, 
and one of the holes 
will appear to remain nearly at rest, ivbilu the other rotates arouiid the 
first. A ray of light na immediately on entering the crystal is divided 
tnto two parts, one of which obeys the regnlar law of refraction ; the 
other does not. The former is called the ordinary ray; the latter, the 
eara<yr^inarsi ray. The rays issue from the crystal parallel with one 
another. In aU crystals which produce this phenomenon there is one 
direction, and in some two directions, in wlileli, if an object ia looked 
at Lbrougb the crystal, tt doea uot appear double. If all the edges 
of a cryeiai of Icelaud spar arc equal, and It is cut by two planes near 
eaak extremity of the line AB, which connects the two opposite solid 
ol)tuse angles, and at right angles to It, as shown in Figure 285, ob- 
jects viewed in this line, or in any line parallel with it, do not appear 
double. 

In every direction iu which one looks through the crystal, 
except parallel to AB, objects seen through it appear double. 
{See Fig. aaij.) The line AB is called f,^.-j,u. 

the aptir. iixis of the crystal, and is a line i 
arouncl which the molecules of the crystal 
appear to be aiTanged sj-m metrically, 
crystal is called uniaxial when it Las only 
one optic axis, and biaxial when it hna two such axes. Crystals 
of many other enbstances iiossess the proiwrty of causing objects 
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Been through them to appear clcmble, Thi 
double ri'fraclioH. 

5 353. Polarisation. — .Slices of crystals of the miueral 
tounnnUne, cut in planes parallel with their axes, are prepared 
and sold for optical experiments. If two of these slices simi- 
larly situated, as in 
Figure 287, are placed 
between the eye and a 
card pierced by a hole, 
tho hole will be plainly 
visible. But if one of 
! at right angles with the 
beam of light, the hole 
will grow dimmer until the 
slice has passed through 
a quai'ter of a revolution 
(as represented in Figure 
I, when it disappears. If the rotation is continued, the hol5_ 
Kappears, faint at first, but at the end of another quai 
revolution it reaches its maximum brightness. Thus, at 
quarter-revolution it is alternately extinguished and restored. 

It appears, theu, that light which has passed through 
transparent sliM of tourmaline differs so much from comm( 
light, that a second similar slice may act like an opaque bod] 
and stop it altogether. The action of the tourmaline may 
compared to that of a grating (A, Fig. 289) formed of paral 
vertical rods, which will allow all vertical planes (as aa') to pi 
but stops the pianos (as u<:')that are bX right angles to these rods. 
Any plane that has succeeded in passing one grating will readily 
pass ft second similitrly placed. But if the second grating B is 
turned so that its rods are at right angles to the first, the pi 
that has succeeded in getting through the first grating will 
stopped by the second. Light, in this condition, ie said to 
pclarized; polarization is eithi'r the act of producing the 
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in tilt: ligbt. or tbe reault of tfa^ ebaD^«. and Ilie in^tnimcat iu«d 
is a potaiixer. 
In order to underBtand this pbenonieiiou, 

liDow inoii- of the im- y^,-. 

dalatorj- theory of ligLt. 
This theory supposes 
that the iiiidiilation$< io 
Hlier which conBtitiit* 
light are much like iiiidiilalioits in u i-on) wheu oue end is ahakcti 
hy a hand, as seen in Figurt 290. If llie hand moves vertically. 
Lill the undulations will he in a vertical plane ; if the movemeota 
i;>f the hand are horizontal or obliqae, the undulatioua lie 
lurrespouding planes. So we can produce these waves on 
rope in any plane paasiug throngh the rope, and 
r^idly from one plane to another. These waves appear differ^ 
ently when viewed from different sides. If we could look end- 
wise at a ray of light for an instant, it is believed that we should 
see tbe etlier particles vlhrating, an in the figure of the rope, in 
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one plane ; but in only a tliousaiidth of a si'vond so louuy million 
waves reach the eye, thut there is time for the vibrating par- 
ticles, which, like the hand, start the waves, to vibrate in many 
planes. In an ordinaiy beam of light, as it reachea the eye, 
there are therefore undiilationa in all possible planes, as is par- 
tially represented by the cross section A, Figure 291. But any 
motion may be considered as the effect of two forces that would 
produce motions in directions at right angles to one another. 
So here, for many practical purposes, the vibrations may be 
regarded as taking place in only two sets of planes "* 
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angles to one nnoUior, as ropreacuted by B of the same figure. 
Now, when a ray of light, consisting, according to suppoeition, of 
undulatioDB in pLanes ai, right angles to one another, strikes a slice 
of tourmuliue, its molecular structure allows those undulations 
irtiich ore in planes parallel with its axis to pass through, but 
It absorbs those undulations that are in planes at right angles 
to its axis. By this means the nndulations are reduceil to those 
in parallel planes only, as represented in C. The unaided eye 
cannot usually detect any difference between common and polar- 
ized light. An inatiTiment which will enable the eye to detect 
polarized light is called an anah/zer; thus the first slice of tour- 
maline serves as a polarizer, and the seeond slice as an analyzer. 
A complete polarizing apparatus, called a polariscope, used fot 
Pi^ jjj observing the phenom 

ena of polarized lighd 
consists essentially of 1 
polarizer and an . 

— * — . lyzer. 

The favorite ajialyzer U 
the Nlcol prism, which consists of a crj'stal of Iceland apar divided 
dlagonsUj, OS AB, Figure 292, and the two surfaces cemented togetW 
again with Canada balsam. The extraordinary ray CE, falling upon tl 
transparent balsam, passes throngh It ; but the ordinary ray CN strikes 
the balsam at a greater than Its critical angle, and is therefore reflected 
out of the crystal, and thus got rid of. Now, when polarized light 
enters this prism In one position, It will pass frealy through It, bnt i 
the prism Is turned 90°, none will pass through. In the example giv^ 
above, light Is polarized by absorptioii. 

§ 354. Polarization by double refraction and by reflec 
tion. — If light which has undergone double refraction, 
passing through a crystal of Iceland spar, is examined with s 
analyzer, it is found that both the ordinary and the extraordla 
nary rays are completely |>oiarized in planes at right angles ti 
each other. Again, light reflected obliquely from smooth s 
&ces, such OB water, glass, and polished furniture, etc., 
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on examinatioD to be partially polarized. There is a deSntte 
angle of incidence at which the maximum polarizing effects are 
produced. This angle varicB with different subatauces. With 
glaBB it is 65° ; witli water, 53°. 

§ 355. Description of a simple polarisoope.— D (Fig.sos) 

Is a plate of glass, about IS™ square, ased as a piilarlzcr. A is tlie 

nnaljzer, — prercrably a. Nicol 

prism, — so placed as to vtew tbe 

center of the glass at the proper 

polarizing angle (about 55°). The 

prism may be mounted in a cork, 

and the wbole should be free to 

rotate in its support. 8 Is a piece 

of ground glass used to cut 

the images of outside objects. 

la a glass shelf, on which objects 

to be examined are placed. The 

instrument, covered with a blacfe cloth, is placed on a table vrith S 

toward a window. The prism can be obtidned of any dealer In optical 

apparatus. 

S 356. Colors by polarization. — Kxperlment. Place on the 
support G a thin film ot sclenite or mica, and slowly rotate the analyzer. 
I A beautiful display of colors will appear. At a certain point they will 
ikgear of maximum brilliancy, then they will gradnallj fade away and 
•nange into their complementaries. 

This is really a phenomenoD of interference, brougUt about 
through the combined agency of the object examined and the 
polariacope. If a piece of plate glass, subjoctfid to pressure by 
means of a screw-clamp, or a piece of unanuealed or poorly 
annealed glaaa, — a glass stopper, for example, — is examined, 
it will exhibit analogous phenomena. 
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THEajcu. ETmcx^ or kaxil&t>^. 



-u<««flb-b«a3-. If «*^ "-tar* of »^ To^iTlA 4« > 

iiii.l«rnliM i-AD iKiwpe tht hmiIImm oT ^K' -rtfcrr A» ^Ma^^ 

thrn^by far»i»| ; tbat k. tlta Oi^kIsCmkk of cCba »e B^ | 
f„nn"t iou. molemlor iwtkm or Am*. a gwd BtamiMrf I 

lhu.Bllx--xven««n«'ritt>WaefeBn«d gtM^pa—gas. (talk' 

ft^j lliK«gl. ft. wd T«7 UtU. fa t™ttrf«««i iBto hetf. 
^.tir. h.m ^-.M i.io.lD«-gb»i oiay remaia, wliife ndoliw 
p,«w thmnah it iumI iMMt objpots iritiun Uk room. Itantht 
p,M«Uimv l-jrtw tn mind, that omiy (*o*e rocttttimu ttat a fo^ 
^fc»,r6* A*<M «; ao-r tAdf pats tArrPH.jA it Jo mot afiel 0* fc- 
^««fi««. Bodlw that tnosmit radiant fanC fpwly ,«, a«I b. 
p ^ dfa(&«TiW««M. wtiUe Uwse that absorb it Uigdy >» »M 
^A,m«""""- Ttie ni.>^t .iiathennnnoas solid is r-jofc salt. 
^in'J"*; '^''■" ™"'*'- alherwaaous soUiU are lamp-blacfc aod olom. 
^^^r^«'n l.isiilphitW, Among Uqaida. is exceptionaUy transpareot 
,„ ftll r.-m.- o( ra-liatioD: whUe water, transparent to short 
^,.p,. :it.w.rli« th.- bmcer waves. an.I is thus quite athermanoHS. 

KsP^*^™'"* *■ ^"^"S ^lie '"'"' ''f *» »ir thennomeler Into the 

f,„-iw "^ ■' l""Tiin::-i;l;i:^-^ exposed to the soa's r&ja. The radfatioii 
er>n.:eiifratM on the enclosed air scarcely affects this deUcate iostrn- 

Exp"-ri">'''»* 3. Cover the outside o£ tbe bulb or the air UtenooDi- 
et^r will' Uinp-black and repeat the last experimeDt. The lamp-black 
absorbs the ra<liaiit heat, and the heat condacted throogh the glass to 
the enclosed air raises its temperature and causes It to expand and 
rapidly push the liquid out of the stem. 

Drj- air is almost perfectly diathennanous. All of the sun's 
radiatioDS that reach the earth pass through a layer of air, from 
fifty to two hundred miles in depth, which contains a vast 
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I ftmount of aqueous vapor. This vapor, like water, is compara- 
tively opaque to long wavea ; hence it luodifles very much the 
chaj^cter of tlK' radiations which reaeli the earth. Thia fact, 
together with what we have learned from Exp. 2, enable ua 
to understand the method by which our atmosphere becomes 
heated. First, a very considerable portion of the radiant enei^ 
which cornea to us from the sun, in the form of relatively long 
waves, is stopped by the watery vapor in the air, which is, in 
consequence, heated. Most of that which escapes thia absorp- 
tion heats the earth by falling upon it. The warmed earth loses 
its heat, — partly by conduction to the air, still more largely by 
radiation outward. The form of radiation, however, has been 
greatly changed ; for now, coming from a body at a low temper- 
ature, it is chiefly in long waves that the energy is transmitted ; 
while, as we have seen, it was largely in the form of short wavea 
that the earth received its heat. But it is exactly these long 
waves which are most readily stopped by the atmosphere ; hence, 
the atmosphere, or rather the aqueous vapor of the atmosphere, 
acts as a sort of trap for tlie enei^y which comes to ua from the 
sun. Eemove the watery vapor (which serves as a ■• blanket 
b> the earth) from our atmosphere, and the chill resuiting from 
the rapid escape of heat by radiation would put an end to all 
animal and vegetable life. Glass does not screen us ftom the 
sun's heat, but it cau very effectually screen us from the heat 
radiated fi-om a stove or any other terrestrial object. Glass is 
diathermanous to the snn's radiations (simply because they 
have already lost most of the very long waves by atmospheric 
a!)8orption) , but quite athermanous to other radiations. Thia 
is well ilhisti'ated in the case of hot-beds and green-houses. 
The sun's lieat passes through the glass of these enclosures, 
almost unobstructed, aud heats the earth; but the radiations 
given out in turn by the earth arc such as cannot pass out 
through the glass, hence the heat is retained within the enclo- 
sures , 
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S 358. AH bodies radiate heat. — Hot iMxlies usuaUt/ pai 
with their ht-at miich more rnpidlj- by radiation than by all oti 
proceases corabiued. lint cold bodies, like iee, radiate heat eve^ 
when surrounded by warm bodies. This must be so from t 
1 nature of the ease, for the nioleeiik-s of the coldest bodic| 
I possess some motion, and being surrouuded by ether, they can 
not move without imparting some of their motion to the etbei 
and to that exteut become themselves colder, 

§ 359. Theory of Exchaneres. — Let us suppose that 
have two bodies, A and B, at different temperatures, — A warmer 
than B. Radiation takes place not only from A to B, but from 
B to A ; but, in consequence of A's excess of temperature, more 
heat passes from A to B than from B to A, and this continat 
until both bodies acquire the same temperature. At this poi 
radiation by no means ceases, but each now gives as much as ij 
receives, and thus equilibrium is kept up. This is known 
the " Theory of Exchanges." 

§ 360. Good absorbers, good radiators. — Bxperlment. 

Select two small tin boxes of equal (capacity, — one should be bright ont- 
Blde, wliile the othur should be covered thiidy with soot from & candle 
flame. Cut a liolc in the cover of each box lai^e enough to admit the 
bnlb of a thermometer. Fill both boxes with hot water, and introduce 
Into each a thennomBtcr. They will register the same temperatare ftt 
first. Set both in a cool place, and Id half an hour you will find that 
the thermometer in the hlaulcened box registers several degrees lo^ 
than the other. Then All both with cold water, and set them In 
of a flre or in the soushme, and It will be found that the temperal 
In the blackened box rises fnstest. 

As bodies differ widely in their absorbing power, so they 6 
in their radiating power, and it is found to be universally t 
that good absorbers are good radiators, and bad absorbers i 
I bad radiators. Much, in l>oth cases, depends upon the char 
I ter of the surface as well as the substance. Bright, polislw 
\ surfaces are poor absorbers and poor radiators ; while tarnished 
I dark, and roughened surfaces absorb and radiate heat rupidljl 
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COMPOUND UICItOSOOPB. 

Dark clothing absorbs and radiates heat more rapiilly ttian light. 
(Which is better to wear at all seasons? Why? Why are cer- 
tain parte of steam engines kept acropuloualy bright? ) 

§ 361. Dew, — It requires no elaborate experiments to show 
that some bodies radiate heat more rapidly than others. All 
nature testiJies to this every still, cloudless summer night. Dur- 
ing the day objects on the earth's surface receive more heat by 
radiation than they lose, but as soon as the snn has set this 
is reversed. Then everj'thing begins to cool as its heat is radi- 
ated into space. Objects Incoming cool, the air in contact with 
them becomes chilled ; iCs watery vapor condenses, and collects 
in tiny liquid drops on their surfaces. But these dew-drops 
collect much more abuudautly on certain tilings, such as grasses 
and leaves, than on others, such as stones and earth. The 
I'enson that it does not collect on the latter so freely, is because 
'^f llieir poor radiating power ; tliey i!n not get cool as rapidly. 




LX. SOME OPTICAL INSTRUMENTS. 
§362. Compound mioroBcopB. — The simple microscope 

Edescritted ou page 362. When it is desired to magnify an 
Ut more than can be done conveniently and with dbtinct- 
by a single lens, two convex lenses are used, — one (O, 
294) called the object-glasif, to form a maguified real image 
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A'B' of tbe objert A B : a»l tbe other ( E) called Ui« t^-^m, 
to magnity this im^e oo that the image A'B' appe«n of thp dK 
A"B''. tn the mme 8«ik«€ as we look at tbe object with one 
'Mb* wh«o we use a sun^ile microscope, here we look at A'B'. 

I 3G3l AstroDOinicAl telescope. — The astronomical ifr 
Ihwting trfeacope consisU essentiallj, like tbe compotrad men 
scope, of two lenses. The object-glass (O, Fig. 295) fonna 
real diminished image ab of the objei-t A B ; this image, teei 
throngh the eye-glass E, appears magnified and of the size cdi 
Thi' object-glass is of large diameter, ia order to collect 
miicti light as possible from a distant object for a better illunU' 
natiun of the image. Some idea of the power of some of 




best telescopes maj- be oblaiiicd from the faut tlial Sir, Chit 
of Cambridgeport has made a telescope of such magiiif)iii 
power, aud poasessiug such dit^tiuctncss of defiiiitiou, that a b 
two inches in diameter, and two hundred aud Qlty miles distal 
(about the distance between Boston and New York), wonid b 
distinctly visible as a body of perceptible dimensions, if prope 
illnminated. 

L § 364. PhotoBTapher's camera, — The pholograj^t^$ ctam 
B em, or cumera ohscvra, of whieli AB, Figure 296, represents 4 
H vertical section, consists of a dark box painted black on t 
K-lnterior. A screen of ground glass S forms a partition i 
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box. A sliding tube T contains a convex lens L. If an object 
D is placed some distance in front, and the distance of the lens 
from the screen is suitabl}' adjusted, a distinct, real, and inverted 
image can be seen upon the screen by looking through the 
aperture C. When the image is properly focused, the photo- 
grapher replaces the ground glass plate by a sensitized plate, 
and the chemical power of the sun's ra3-s paints a true picture 
of the object on this plate. 

Fig. 296. 




Fig. 297. 



The human eye. — Figure 297 represents a horizontal 
section of this wonderful organ. Covering the front of the ej'c, like a 
watch-crystal, is a transparent coat 1, 
called the cornea, A tongli membrane 
2, of which the cornea is a continua- 
tion, forms the outer wall of the eye, 
and Is called the sclerotic coat, or 
"white of the eye." This coat is 
lined on the interior with a delicate 
membrane 8, called the choroid coat ; 
the latter is covered with a black 
pigment, which prevents internal 
reflection. The inmost coat 4, called 
the retina, is formed by expansion 
of the optic ner\'e O. The front of 
the choroid coat ii is called the iris ; 
its color constitutes the so-called 

"color of the eye." In the center of the iris is a circular opening 6, 
called the pupil, whose function is to regulate, by involuntary enlarge- 
ment and contraction, the quantity of light admitted to the Interior 
chamber of the eye. Just back of the iris is a tough, elastic, and 
transparent body 6, called the crystalline lens. This lens divides the 




\ RADIANT EKERGY. — LIGHT, 

vfc Into two chunborsi the Anterior chamber 7 is Oiled witb ■ Itnttt' 
liquid, cailril tlic nqiieout Aumur; tbe posterior chamber 8 If filled wUl 
m JpU^-lIku subHtoncc, calli-c) llie cftrvous humor. 

The eye w * cumera obscura, in which the retina serves as i 
»creeu. Images o( ijutside objects are projected by means of 
thv cryHtftUlnc lens, i>«Bist«d by the re&actire powera of tbe 
humora, uiKJU this screen, aiid the impresaions thereby made on 
this dclicat«i nntwork of nerve filaments are coaveyed by to 
optic ncrvo to tbo brahi. If the two outer coatings are rMooved 
ftom the back pail of the eye of au ox, recently killed, so aa to 
render it somewhat transparent, true images of whole land- 
ttcnjws may bo seen formed Ujjon the retina of the eye, when it 
is bold ill ftont of your eye. With the ordinary camera, the 
didlAiieo of tbe lens from tbe screeu must be regulatetl to adapt 
itself to tlie varyiog distancea of outside objects, in oi-der that 
the images may bo properly focused on the Bcreea. In the eye 
this iii aeoompUabed by changing the convexity of tbe lens. We 
can almost instantly and involuntarily change the lens of the 
pyc, so us lo form ou tbt' retina a distinel image of fin objciH 
miles nwny or only a few inches distant. The nearest limit at 
wbicb an object can be placed, and form a distinct image on the 
retina, is about five inches. On the other hand, the normal eye 
in a passive state is adjusted for objects at an infinite distance. 
Curious enough, the retina on carefhl examination is found to 
be covered with little pi^ojections which have received the name, 
from their appearance, of rods and cones, and which project 
fh)m tbe nerve fibres very much like nap from the threads ot 
velvet. It is thought that these rods and cones receive and 
respond to tbe vibrations of light ; in other words, that they 
co-vil)ratc with tlie undulations of the ether, and thereby we get 
our sensation of light. 

§ 366. Chromatio aberration. — There is a serious detect 
in ordinary convex lenses, to which we have not before alluded, 
called chromatic aberration, which has required the highest skiU 
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of man to correct. The convex lens both rtfro/dts and diaperaes 
the light that passes through it. The tendency, of course, is to 
bring tiie more refrangible rays, as the violet, to a focus much 
sooner than the less refrangible rays, such as the red. The 
result is a disagreeable coloration of the images that are formed 
by the lens, especially by that portion of the light that passes 
through the lens near its edges. This evil has been overcome 
very effectually by combining with the convex lens a plano-con- 
cave lens. Now, if a crown-glass convex lens is taken, Fig- 298. 
a flint-glass concave lens may be prepared that will 
correct the dispersion of the former without neutralizing 
all its refraction. A compound lens, composed of these 
two lenses (Fig. 298) cemented together, constitutes what 
is called an achromatic lens. 




Fig. 299. 




§367. Stereoptioon. — This instrument is extensively em- 
ployed in the lecture-room for producing on a screen magnified 
images of small transparent pictures on glass, called slides; 
also for rendering a certain class of experiments visible to a 
large audience by projecting them on a screen. The light most 
commonly used is the lime lights though the electric light is pre- 
ferred for a certain class of projections. The flame of an oxyhy- 
drogen blow-pipe A, Figure 299, is directed against a stick of 
lime B*, and raises it to a white heat. The light of the lune is 
converged — by means of a convex lens c, called the condensing 
lens (usually two plano-convex lenses are used) — upon the slide 
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D, and strongly illuminates it. In front of it is placed another 
convex lens E (or a system of lenses) , called the projecting lens. 
The latter lens produces (or projects) a real, inverted, and 
magnified image of the picture on the screen S. The mounted 
lens E may be slid back and forth on the bar F, so as properly 
to focus the image. (For useful information relating to the 
operation of projection, see Dolbear's Art of Projection.) 
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10 



MiUiineten. 



Centuneten. 



The area of this figure is a square decimeter. 
A cube of water, one of whose sides is this area, 
is a cubic decimeter or a liter of water, and at the 
temperature of 4" C. weighs a kilogram. The 
same volume of air at 0" C, and under a pressure 
of one atmosphere, weighs 1.203 grams. The 
gram is the weight of 1m of pure water at 4** C. 
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SECTION A. 

Metric system of measures. — The term metric is derived from 
the word meter, which is the name of the fundamental unit employed 
in this system for measuring length, and from which all other units 
of the system are derived. The meter is, approximately, the ten- 
millionth part of the distance from the Equator to the North Pole. 
Defined by law, it is the distance at 0° C. between two lines engraved 
on a platinum bar kept in the Paris Observatory. The gram is theo- 
retically the mass of !<» of distilled water at 4° C. By law it is ^^ 
of the mass of a piece of platinum preserved in the same observatory. 
At Washington are kept exact copies of the meter and other metric 
measures. 

The following tables contain all the requirements of this book. The 
pupil will find more complete tables in any good arithmetic. 

TABLE OF LENGTHS. 

10 millimeters ("»™) = 1 centimeter («"»). 
10 centimeters = 1 decimeter (**"»). 

10 decimeters = 1 meter (™). 

1000 meters = 1 kilometer (^). 

TABLE OF AREAS. 

100 square millimeters (*»«) = l square centimeter («<«»). 
100 square centimeters = 1 square decimeter («*»). 

100 square decimeters = 1 square meter («"). 

1,000,000 square meters = 1 square kilometer («km). 
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TABLE OF VOLUMES. 

1000 cubic millimeters (cm«) = 1 cubic centimeter (««). 
1000 cubic centimeters = 1 cubic decimeter («i™). 

1000 cubic decimeters = 1 cubic meter (cb"*). 

Tiie volumes of liquids and gases are either expressed in the unit?* 
of tlie above table or m liters. The liter is ^^m^ or 1000«. 



TABLE OF MASSES OR WEIGHTS. 

10 milligrams (™8) = 1 centigram (<«). 
10 centigrams = 1 decigram (^). 
10 decigrams = 1 gram («). 

1000 grams = 1 kilogram or kilo (}). 



TABLE OF EQUIVALENTS. 

1 inch = 0.2540 meter, or about 2} centimeters. 
1 foot = 0.3048 meter, or about 30 centimeters. 
1 yard = 0.9144 meter, or about \{ meter. 
1 mile = 1G09.0000 meters, or about 1^"^ kilometers. 

1 U.S. i ^' ...art = i «;J^« JiJiJ. _ a little ^ J^- ^ than 1 Uter. 

1 U.S. gallon = 3.785 liters, or about 3/^ liters. 

, J avoirdupois ounce -^ 0.02835 kilo, ^r rather^ ^^^^ 

^ 1 Troy and apothecaries' ^"'ice _ ^ 0.03110 kilo, ^rratner^ ^^^,^ 

than 30 grams. 
1 avoirdupois pound = 0.45359 kilo, or about ^ kilo. 

When great accuracy is not required, it will be found convenient to 
remember that 

centimeters X | = inches (nearly) ; 
inches X f = centimeters (nearly) ; 

6 meters = 1 rod (nearly) ; 

also, kilos X^ = pounds (nearly) ; 

poands X ^ = Mlos (nearly) . 
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SECTION B. 



Fijf. 3(X). 



Gnttingr firl&ss. — Bottoms of glass bottles inay be cut off, and 
plate glass may be easily cut in any pattern desirable, by observing the 
following directions. Procure an iron rod B, Fig. 300, 25*** long and 
7inm ju diameter, and insert one end in a wooden handle C, and let the 
exposed end be filed to a smooth surface. With a pointed piece of soap, 
trace a line on the glass where you would cut ; and, if it is a bottle 
that is to be cut, file a short gash A (to a depth varying with the thick- 
ness of the glass) 
in the bottle in the 
direction of the 
line drawn. Heat, 
in a Bunsen flame, 

the free end of the ,,.«__-_^_ ^^__ 

rod to a bright red ' '^ fl^F Q.^- -> 

heat (the hotter 
the better), and 
apply the heated 
end to the glass, as 

in the figure, about 1"" fron* one extremity of the gash for (say) about 
five seconds (longer if the glass is very thick ; not, however, long enough 
to crack the glass), and then quickly apply it in the same manner to 
the other extremity of the gash, as D, and hold it firmly till you see 
a fine crack creeping toward the rod ; then slowly move the rod along 
the traced line, and the crack will follow faithfully the movements 
of the rod. K plate glass is to be cut, file a small gash E in one 
. edge ; and, commencing with this gash as before, you may cut in the 
glass a circle, or any design you desire. To bore holes in glass, make 
a thick paste by partially dissolving gum camphor in spirits of tur- 
pentine ; nip off a short piece from the end of a small rat-tail file, 
and, keeping the ragged end wet with the paste, you can readily bore 
a hole by employing strong pressure, and by a twisting movement as 
in boring. 





till iimlo' lit* null 



Mr>ri>r> 
Milk 
N'n|ilil lir 



Nltrlr aolJ I.tSO 

( m of tiirp«ntlnr 0.8:o 

(Hlv<^ oil 0.915 

Hi:a walpr 1.09? 

Sulphuric acid l.»4I 

Water. 4° C, (liHtltltil. . , 1.000 

Water, 0° C. . distilled . , - 0.M9 



IlyilroKoii 0.0093 

Nitroffun 0.9TI1 

Oxygen 1.1057 

Sulphuretted liydrogen.. 1.1912 
Sulphurous acid 2.34T4 
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SECTION D. 



TABLE OF NATURAL TANGENTS. 



Deg. 


Tangent. 


Deg. 


Tangent. 


Deg. 


Tangent. 


Deg. 


Tangent. 


1 


.017 


24 


.445 


47 


1.07 


70 


2.1 Ty 


2 


.035 


25 


.466 


48 


1.11 


71 


2.90 


3 


.052 


26 


.488 


49 


1.15 


72 


3.08 


4 


.070 


27 


.510 


50 


1.19 


73 


3.27 


6 


.087 


28 


.532 


51 


1.23 


74 


3.49 


G 


.105 


29 


.554 


52 


1.28 


76 


3.73 


7 


.123 


30 


.577 


53 


1.33 


76 


4.01 


8 


.141 


31 


.601 


54 


1.38 


77 


4.33 


9 


.158 


32 


.625 


55 


1.43 


78 


4.70 


10 


.176 


33 


.649 


56 


1.48 


79 


5.14 


11 


.194 


34 


.675 


57 


1.54 


80 


5.67 


12 


.213 


35 


.700 


58 


1.60 


81 


6.31 


13 


.231 


36 


.727 


59 


1.66 


82 


7.12 


14 


.249 


37 


.754 


60 


1.73 


83 


8.14 


15 


.268 


38 


.781 


61 


1.80 


84 


9.51 


16 


.287 


39 


.810 


62 


1.88 


85 


11.43 


17 


.306 


40 


.839 


63 


1.96 


86 


14.30 


18 


.325 


41 


.869 


64 


2.05 


87 


19.08 


19 


.344 


42 


.900 


65 


2.14 


88 


28.64 


20 


.364 


43 


.933 


QQ 


2.25 


89 


57.29 


21 


.384 


44 


.966 


67 


2.36 


90 


Infinite. 


22 


.404 


45 


1.000 


68 


2.48 






23 


.424 


46 


1.036 


69 


2.61 







r that wiU wisner Eofficientl; 
writ d Ife fvpM ol iUk Wik «■■ t>e «aeilj wd ch«^ly iii«pBt«<l 
M toAn»: It^t • wmt^m bmmt A (Fig. 301), 10™ square iinJ 
S^lUck,>faaAlT«MAwacbM» jus ingraoves; oDitwiml^ 
Id m tww tl h.) iH«*Me4 5*- M «b« iu (hme lajna, leaTtsg 1" 
i^^ a (W oahB- (h Ifce K git i tUs fpMS u exa^eisted in order 
te <kw tke pHi&M oC the •aadkl, «ad insa^ ibe extranitfasinOB 
Iwss »i »»< «tM L Mti K. la this fraaM* insert a copper at bns 
wirv D. fsiniii> * oxk K ■ktiv-It Ti^pfMrts a .^ilk fibre F am) a strip dE 



1 




Mii^iiili/i' ii bir^'i' sewing-needle IT, and insert in the paper, 
liHiirc; also insert a small copper wire I in the paper for a 
•■r, iinil suspenii the whole so that the needle will swing freely 
'I'll llic! upper oiul lower windings of wire, and the pointer will be 
ili'ivd Ihe ciiiU. rri'p;irc; a graduated circle on a card JI, having 
■■ ill 111" rr-iitiT through which to pass the needle, and lay it on the 
'I'll pnrvent dlilurbance from currents of air, cover the whole 
a rrikiiie N, having a glass plate laid over its top. Connect the 
ry wires with Uie screw-cups I. and K. The cost of material need 
xctfi] 7') cents. 
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SECTION P. 

Kind of battery to use. — Several thiiip^M must hi* ('()ii.si(l<;n>(l 
in the selection of a battery for a particular us<'. Ainon^ tin? inoHt 
important of these are the intensity of current requirr*!, and thr 
service required; i.e., whether continuous, t('iniK)rarv. or occasional 
currents are wanted. The cost is of consiviucncc, but that must Imj 
governed mainly by the preceding considerations. In tin; following 
arrangement, preferences are given to the several batteries by num- 
bers, in the order in which they occur against the several us<'s 
specified : — 

NAMEB OF BATTKIUKS, KTC. 

1. Smee. I 4. Daniell. 7. Magneto or tly- 

2. Leclanche. 5. Grenet. j namo mnchlnes. 

3. Gravity. I 6. Bunsen or Grove. ' H, Thernio-])atteries. 

USES CELLS ARE SUITED FOR. 
Stronfj^ Continuous Currents. 

Electrotyping or Electro-plating 7, 4, 1, ;i. 

Electro-magnets 3,4,1. 

Electric light 7,0. 

Telegraph (closed circuit) 3, 4. 

Temporary. 

Induction coils 5, 6, 4, 3. 

Medical coils 6,1. 

Occasional. 

Annunciators, domestic bells 2, 1, 3, 4, 

Exploding fUses 2,4. 

Electrical measurements (constant current) 8, 4, 3, 




l"-li.-r, njiiiill hi-irul wire coil), and connect the ball at one 
IliM 0.-1 i.;» with u siutpeniied weight B (weigfamg about 
II <li'! hull at till! (>thi:r CEtremity suspend a small weight 
y hi< tiiuilly ritriiDViMl wlien desirable. Bj a einple vibrv 
lili lli>: IihikI U. a, a wave, as CD, will be projected 
ml Inn, mill iiti i'i.-uchiiig B will be reflected; though when 
vtiiiLDii, II Uuil butler be replaced by a book attached to a 



SECTION H. 

Porte LTOmifere. — Two half-eectioim of a tube A and B {Fig. 808) 
"iiij easily be sawn from a block of pine wood. These glued together 
fit their edgi^s make the tube C. 
Thifl tube in 20™ long and 15™ in 
ili:imeter, with a bore of 1 1"" diain- 
ftt-r. Raise a, window-saali about 
51)™, and fit a board D just to till 
the opening. In the middle of tbia 
hoard cut a hole just large enough 
to receive the tube, and allow it to 
turn in the hole freely. Attach a 
bolt E to the board D, and about 
12™ from one end of the tube bore 
!i row of holes around the tube, 
1 "^' in depth and about l"° apart, 
lo receive the bolt. By means of a 
hinge, attach to the outer edge of tiie tube a board G, 30™ long, li™ wide, 
and 1.5™ thick. A mirror F, 28™ long and 12™ wide, ia fastened by- 
tacks with large heads to the upper surface of this board. A stout 
Btring attached to one of the long edges of the board is carried through 
the tube and fastened to a binding screw H. When the mirror is to 
be adjusted so as to receive the sun's rays and reflect them through the 
tube, rotate the tube, and raise or depress the mirror by means of tho 
string, so as to adapt it to the position and elevation of the sun in the 
heavens, and then fasten by means of the boit and string. A win- 
dow on the south aide of a building should be selected for experiments 
with this apparatus. The portion of the window not occupied with 
the board D, as well as other windows not in use, may be darkened 
with curtains of black enamelled cloth. The whole cost of the above 
apparatus need not exceed $1.00. 
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Force, Measare of the effect of, 126. 

Resultant, 91. 
Forces, Composition of, 91, 94, 96. 

Graphic representation of, 90« 

Molar, 13. 

Molecular, 13. 

Resolution of, 92. 
Fraunliofer*s lines, 372. 
Fusion, Laws of, 161, 

O. 

Galvanometer, 198, 404. 

Tangent, 199. 
€lalvano8cope, 184. 
Gaseous bodies, Laws of, 156. 
Gases, Kinetic theory of, 157. 
Gravitation, 14, 20. 
Gravity, Acceleration of, 106. 

Center of, 96. 

Force of, 14, 21. 

H. 

Hardness, 28. 
Harmonics, 305. 
Harmony, Cause of, 305. 
Hearing, Limits of, 301. 
Heat, Capacity for, 171*. 

Conduction of, 142. 

Convection of, 143. 

convertible, 138, 165. 

defined, 139. 

Diffusion of, 142. 

Expansion by, 148. 

from chemical action, 140. 

Mechanical equivalent of, 175. 

Origin of animal, 140. 

Reference tables for specific, 172. 

Bome sources of, 138. 

Specific, 170. 

units, 165. 
Helix, 196. 
Horse-power, 121. 
Hydrogen at the copper plate, 186. 
Hydrometers, 83. 
Hydrostatic bellows, 64. 

press, 64. 



Images, After, 379.* 
Formation of, 846, 360. 



Images, Real, 347. 

through apertures, 390. 

To construct, 347, 361. 

Virtual, 342, 362. 
Inipenetrability, 1, 6. 
Induction, 241. 

coils, 232. 
Inertia, 90. 
Interference of light, 879. 

of sound-waves, 274, 322. ' 
Insulation, 243. 

J. 

Joule's equivalent, 176. 

Kilogrammeter, 120. 
Kinetic energy, 121. 
theory of ^es, 167. 

L. 

liaw, Mariotte's, 166. 

of Charles, 156. 
Laivs of fusion and boiling, 161. 

of gaseous bodies, 166. 
lienses, 357. 

EffecU of, 358. 
lieydenjar, 250. 
I^iglit, a form of energy, 326. 

Analysis of, 364. 

Difflised, 340. 

Electric, 259. 

invisible, 327. 

Reflection of, 339. 

Synthesis of, 366. 
liightning, 255. 

rods, 256. 
Liiquid surface level, 69. 
liumlnous and illuminated bodies, 829. 

M. 

Machines, 131. 

Law of, 133. 

Uses of, 132. 
Magnets and magnetism, 212, 224. 

Law of, 213. 

Natural, 228. 

not flources of energy, 226. 
Magnetic tnuiflparenoy, 218. 
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MagmBtisai, Cause of the eartb't^ 9B. 
Magneto macMneSf 237. 

electric induction, 296. 
MalleatilUty, 82. 
Bftanometrio flamee, 812. 
Mariotte*! law, 57. 
Mass, 7, 20. 
Matter a constant quantity, 10, 11. 

Conditions of, 24. 

Crystalline and amorpbotts, 24. 

Three states of, 15. 
Metric system, 399. 
Microplione, 270. 
Mi<nroscope, Simple, 808. 

Compound, 391. 
MInateness of particles of matter, 3. 
Mirrors, Reflection from, 341. 
Molecule, 4. 
Momentum, 115. 
Motion, Accelerated, 104. 

Curvilinear, 101. 

First law of, 89. 

Formulas for uniformly aceelerated, 
106. 

Kinds of, 87. 

Retarded, 107. 

Second law of, 91. 

Third law of, 117. 

versus rest, 86, 87. 
Multiple reflection, 343. 
Musical instruments, 819. 

Scale, 300. 



Nodes, 275. 
Noise, 297. 



N. 



O. 



Ohm, 202. 
Ohm's law, 205. 
Opacity, 328. 

Oscillation, Center of, 111. 
Osmose, 40. 
Overtonesf 305. 

P. 

Parabolic curve, 109. 
Paramagnetism, 225. 
Pencil of light, 828. 
Pendulum, 110. 



FMidahim, Center of eselHsAkm of. 111. 

Coater of percussion off 118. 
Phenomenon, 1. 
Phonograph, 817. 
Photometry, 338. 
Physical clianges, 9. 
Physics deflned, 120. 
Pigments, 375. 

Mixing, 378. 
Pitch, 298. 

Pointo, Effects of, 212. 
Polarity, 28, 214. 
Polariscope, 387. 
Polarization, 384. 

of plates, 188. 
Poles of hattery, 183. 
Porosity, 7. 
Potential* Electric, 183, 244. 

energy, 121, 168. 
Porte lumiere, 339, 407. 
Press, Hydrostatic, 64. 
Pressure in fluids, 44-70. 
Primary colors, 365. 
Prisms, Optical, 357. 
Projectiles, 108. 
Pump, Air, 54r-67. 

Force, 75. 

Lifting, 74, 75. 

) 

Q. 

Quality of sound, 309. 
Qualities of perfect hattery, 210. 

B. 

Radiation, 327. 

Thermal eff'ects of, 888. 
Radiator, 327. 
Radiometer, 325. 
Random of projectiles, 108. 
Ray, 328. 
Reaction, 116. 
Reflection, Angle of, 118. 

Law of, 118. 

Multiple, 348. 

Total, 355. 
Refraction, 350. 

Cause of, 851. 

Double, 883. 

Index of, 852. 
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and repeater, 264. 
IBepnlsion mutual, 13. 
^ftesonance, 290. 
Xtesonators, 291. 
Sbesistance, Formitla for, 202. 

Internal, 203. 

External, 204. 
Xtest, 86, S7. 
DBesultant force» 9t. 



Sbadows, 331. 
Simple substances, 8. 
Sipbon, 72. 
Siren, 299. 
Solution of solids, 37. 
Sonometer, 303. 
Sound, Analysis of, 309. 

how it originates, 280. 

how it travels, 281. 

Loudness of, 288. 

media, 283. 

Musical, 297. 

Pitch of, 298. 

Quality of, 309. 

Reenforcement of, 290L 

Reflection of, 285. 

Refraction of, 287. 

Synthesis of, 310. 

Velocity of, 284. 

what it is, 283. 
Sounder, 264. 
Sounding air-columns, 319. 

plates, 321. 
Sound-waves, 272, 274, 280. 
Spealdng: tubes, 289. 
Specific gravity, 80. 
Spectra, Bright-line, 369. 

Continuous, 368. 

Dark-line, 370. 

Heat and chemical, 373. 
Spectrum analysis, 371. 

Bolar, 365. 
Spectroscope, 368. 
Stability of bodies, 99. 
Steam engine, 175. 
Stereopticon, 395. 
Summary of elec. meaanrements, 206. 

of mechanical units and formulas, 127. 
Sun as a source of energy, 141. 



T. 

Table of boiling points, 161. 

of E Ji.F., 205. 

of indices of refraction, 353. 

of melting points, 161. 

of metric system, 399. 

of natural tangents, 408. 

of specific gravities, 402. 

of specific beat, 172. 
Telegraph, 263. 

Fac-simile, 266. 
Telegrapbic alphabet, 266. 
Telephone, Bell, 269, 318. 
Telephone, Dolbear, 271. 

String, 318. 
Telescope, Astronomical, 392. 
Temperature, Absolute, 155. 

defined, 141. 

measured by expansion, 151. 
Tenacity, 32. 
Tension, 44. 

Theory of exchanges, 390. 
Thermo batteries, 235. 
Thermopile, 236. 

Thermo-dynamics, 174. 
Thermometer, Air, 154. 

Construction of, 151. 

Graduation of, 152. 
Thermometry, 151. 
Transformation of energy, 128, 129, 

257. 
Translucency, 828. 
Transparency, 328. 
Tubes, Speaking, 289. 



V. 

Undulatory theory, 327. 

V. 

Vacuum, Absolute, 56. 
Variation of needle, 222. 
Velocity, Accelerated, 104. 

defined, 87. 

of electric discharge, 256. 

of Ught, 337. 

of sound, 284, 292. 

Unit of, 128. 
Ventilation, 145. 
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